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BACKGROUND

DElA & EW background

This wor1<shop was inltiated by the UNEP Division of Environmental Information, Assessment and Early

Wam',ng (DElA & EW). This division is a part of the United Nations Environmental Programme, as detailed

in the organization chart below

This meeting comes under several missions devoted to DElA & EW:

Assessment and Reporting

Stratesie oversisht and Earty Wamins

Regional approaeh with eollaboratins centres

Environmental Observing

Inter-link scientifte advisory proeesses

Integrated Global Observins Strategy partnership

Strategie oversight and Early Warning

Emersins environmental problems and potential aises

Strategie oversisht of vvhole Slobal observins and assessment system

Report on the state of the system

ln consequence the following recommendations were assigned to this wor1<shop:

1- Choose suitable site criteria and select targeted sites or reglons that cou Id be retalned according

to these criteria.

2- Address and clarify the required supplementary scientific knowledge in order to promote ade

quate targeted research programs.

3- Propose ways to Improve or adapt the existing tools and means to undertake and support the

development of new approaches and tools, especially for Rapid Biodiversity Assessment, in par

ticular ecosystem approach and biological indicators.

4- Set recommendations about regional aquatic biodiverslty databases, about Regional Workshops

to initiate those regional initiatives and/or syntheses and to link these databases in a global network.

5- Focus on the actions to be promoted for Capaclty-Buildlng through school and professional educa

tion, and public awareness aiming at long-lasting effects.

6- Propose criteria to select poSSible regional focal point institutes or organizations to hast the reglo

nal database and, if possible, to constitute the reglonal reference center for Capacity-Building.

.......................... 4
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Background trom previous international meetings

Below is a summary of recent intemational meetings on biodlVersity and their recommendatlons about

the three major types of aquatlc environment:

Major International meetings related to aquatic biodiversity

1972: The Convention on Wetlands, signed in Ramsar, Iran

1992: Convention on Biologlcal Diversity (entered in force ln 1993)

1992: Earth Summit in Rio de Janeiro, Chapter 17 of Agenda 21 on oceans

1995: 2nd Conference of the Parties to the Convention on Biological diversity + 3rd Global Biodiversity

Forum (Jakarta, Indonesia)

Jakarta N\andate on N\arlne and Coastal Biologlcal Diverslty

1997: 8th Global Biodiversity Forum, heId in Montreal together with the SBSnA-3.

Workshops on inland water systems and 'Incentives in the marine and coastal environment.

1998: 4th Conference of the Parties, Bratislava

1999: The 7th Conference of the Contracting Parties to the Ramsar Convention, San José, Costa Rica.

1999: 14th session of the Global Biodiversity Forum, together with the SBSTIA-4 (Montreal)

Marine, coastal and inland waters

Decisions MS and IVl4 of the COP/CBD Fourth Meeting!n Bratlslaya

- Ecosystem approach

- Precautionary approach

- Oevelopment on a global basis of the s(lentiflc knowledge

- Development of collaborative networks

- Pilot-research and monitoring activities in particular on protected areas

+ rapid assessment methodologies, especially for SIDS

Marine and coastal area

Decisions of the Jakarta ,y\andate (COP 4/CBD decisjon 11/1Q)

- Institute Integrated Coastal N\anagement (ICAM), including community-based coastal resource mana-

gement, and prevention and reduction of pollution from land-based sources

- Establish and maintain marine protected areas for conservation and sustainable use;

- Use flsheries and other rlVing resources sustainably

- Ensure that mariculture operaflons are sustainable

- Prevent introduction of, and control or eradicate harmful arien species

Decisions of the UNEP 20th session report:

- Part"lcipative management

- Sustainable development

- Rational use of lIVing resources

- Assessment of the state of the environment, of trends and emerging issues

- Nevv and expanded protected areas

.......................... 6
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Inland waters

DeciSions of the COP/4 of the (BD - Bratislava:

- integrated watershed and r'lVers/drainage basins management

- invest'igatlons on the loss of biological diversity

-Identification of measures and issues to address the threats

- cooperative activlties and cross sectoral collaborations

Ail these recommendations do not take place at the same level. Some are quite pradlcal (e.g.: monito

ring on protected areas) while others are conceptual (e.g.: precautionary approach). They can be ordi

nated wlthin the following conceptual framework:

1
1
1
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1
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DeveIop- Capealy.
m of building
colhibOteII- Cooperlillon
.,. networ1ls Partnerahip

THREATS

VISION

PRINCIPLES
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The six objectives of this framework led to deAne a thematlc structure of four major themes for the workshop:

ASSESSMENT OF STATUS, TRENDS AND EMERGING ISSUES
Blod'Iversity Status
Threats
Trends
Threatened areas

AQUATIC BIODIVERSllY ASSESSMENl STRATEGIES, METHODS AND TOOLS
Global methods
Rapid assessment, indicators

OPTIONS FOR A BETIER CONSERVATION OF AQUATIC BIODIVERSllY
Management
Legal framework
Valuation, economic issues
Capacity building

METHODOLOGIES AND TOOLS TO MITIGATE THE LOSS OF BIODIVERSllY
Monitoring, indicators
Data management and processlng
Information flow, cooperations
Protedlon and restoratlon measures

.......................... 7
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1 1NTRODUCTION
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1

The definitlon of biodiversity considered along this workshopis the Convention on Biologicai Diversity one.

"Biologlcal dlversity" means the variability among 1·lving organisms From ail sources, inclu

ding, inter alia, terrestrial, marine and other aquatic ecosystems and the ecological com

plexes of which they are part; thlslnc!udes divers·lty withln species, between species and

of ecosystems.

Convention on Biological Diversity, Article 2

The definltlon of the CBD integrates ail the aspects of biodiversity, From the genes to the ecosystem. This

blodiversity can also be seen in terms of three basic components: composition, structure and functlon

(Noss, 1990)

Current biodiversityls a dynamic equilibrium resulting From a balance between increase factors (specia

tion, Immigration, introduction by men, genetic manipulations, behaviour) and decrease factors (different

threats mentioned in detail below). As the concept of biodiverslty has become more and more success

fui, there has been a drift From the concept of dynamlc equdibrium (changing, far From thermodynamic

equilibria, non reversible, realistic for biologists) to stationary and reversible equilibrium in people's mind

Practically, when dealing with aquatic ecosystems, three main aspects must be considered: assessment of

current biodversity; environmental trends; catch and flsheries practices. Only an approach integratlng

these three components will step to an efficient conservation of biodiversity

STATUS

1
Catch and Fisheries praetices:
- economy
- demography
- technology

t

Erwironmental trends:
- global change

(including c1imate)
- pollutions

alien species
- habitat loss

Biodiversity assessment:
- species inventories and

distributions
- genetic diversity
- biological traits
- habitats/ecosystems

1
1
1

1

1

1

1

1

1
(C Lévêque)

1 Assessment of current biodiversity

1
1

For a sounded assessment of biodiversity, inventories are required. They must be supplemented by an

overview of biological traits insisting on behavlour, on the different life hlstory stages and their corres

pondlng habitats The question of the different stages of a glven species is a key question for conserva

tion purposes.

1 .......................... 8
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The habitat has to be considered at different scales, corresponding to the successive requlrements of an

aquatic organism shelter, access to food, reproduction, and colonisaflon. The habitats corresponding to

these requirements are respecfrvely: the home range, the ontogenic range, and the metapopulation level.

Thus floodplains illustrate the close connection between these different scales and functlons, ail of them

being Ilnked to biodiversity

Within these limits, the community ecology has proven the important role played by disturbance as weil

as that of the influence of predators on biodiversity through trophic cascades.

Environmental Trends

Soulé (1992) rlsts frve levels of biod"rversity (genes 1population, species, commun'Ities, and ecosystem)

and six major threats to biodiversity (1055 of habitat, fragmentation of habitat, mis/over explo"ltation,

spread of alien species and diseases, pollution and c1imate change).

This approach can be used to address the different aspects of preserving biodiversity in a g'rven country

or region:

GenesIPopulations Species Communities Ecosystems

Habitat loss

Habitat fragmentation

Overexploitation

Alien species

Pollution

Climate change

A concern for a mitigation of these threats led to the concept of "ecosystem health" or ecosystem inte

grity:

"A healthy ecosystem is one whose parameters do not vary outside predetermined limits

from a predetermined level withln a given period of time".

'A harmful effect would then be defined as one that violates the conditions for a healthy

ecosystem.'

Report of the first meeting of experts on marine and coastal biological diversity

UNEP/CBDIJMlExpert/I/5

However the requirement of practical actions points out the necessity of shifting from such abstract

concepts to operational tools. In that sense, new concepts will be operational only if theylnvolve prac

tical actions; If they refer to a given system; if they are c1ear about the social perception underlined and

about expected outcomes. This demonstrates the necessity of taking the human factor into account for

a better protection of biodiversity.

...••...•••••...••.......• 9
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Fisheries practices

Although no case of overfishing leading to the extinction of a specles has ever been documented (UNEP,

1995), -despite serious concems about the sawflsh Pristis sp, and severa1 shark species- 69% of the

oceans commercially targeted marine fish stocks are fished beyond ecologically safe l'imits, This over

exploitation causes drastic decreases of local populations (e.g.: abalone off Califomia, Northwest

Atlantic barndoor skate, Banggai cardinalflsh for aquarium trade; in Robert & Hawkins, 1999)

ln inland waters, the introduction of alien species for flsheries purposes led to the extinction of dozens

of species (e,g,: extinction of 142 haplochromines following the Introduction of the Nile perch in Lake

Victoria), Selective pressures due to exploitation 'In aquatic environments also lead to an erosion of the

intraspeciflc diversity, Last, the reduction of the overall diversity is attested by the reduction of the ave

rage trophic level of fish catches (Pauly et al., 1998), top camivores becoming scarcer,

These different issues led to a new trend among flshery sc'Ientists, illustrated by the following provocati

ve recommendation recently formulated by Pitcher & Pauly (1998): 'the criterion of sustainability should

be abandoned while ecosystem restoraflon should be considered as a new objective for the manage

ment of marine resources',

This document, based on the interventions of the participants to this workshop, aims at providing an

overview of the current status and emerging issues in aquatic biodlVersity, of the strategies and methods

to assess this blodiversity, of policy options for a better conservat'Ion, and of methodologies and tools

to mitigate its loss.

...•...................... 10
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ASSESSMENT Of STATUS, TRENDS AND EMERGING ISSUES

Undertaking conservation of biodiversity in a strateg'lc way requires to idenflfy threats to aquatlc ecosys

tems, most important geographic areas in which to develop projects, and opportunities to develop

conservaflon pollcies or fleldwork Thlsls the aim of this section, through an ecosystem approach (COP

IV, Programme of worl< on marine and coastal biological diversity).

Specialists provided latest information and scientific developments about the main types of aquatic ecosys

tems: streams and lakes, wetlands, estuarlne and coastal zones and large marine ecosystems.

Major threats on aquatic ecosystems and their consequences have been detailed elsewhere (e.g.; IUCN's

category of threats to species, UNEp' 1995; Lévêque, 1997). The'lr respective impacts can be cumulative

but have also been reported to be synergetic. Did recent studies point out particularly devastating com

binations of threats, and is a ranking of combinations of relevance (from the less to the most impacting

one) for the preservation of biodiversity?

This points out a certain need for further research on the nature and role of biodiversity. Although theo

retical in nature and still much debated, this would be of major interest to underpin management and

would lead to provision of sounded recommendations and arguments stronger than those of the pre

cautionary principle when facing the decisions-makers.

OJantification of blodrvers'rty under its different forms remains a major issue (Gaston 1996), vvhere biological

knON\edge interferes with statistical science and vvhere tight collaboratims should be promoted.

Necessity of c1ear definitions, choices and methods

Many approaches deallng with biodiversity suffer from inconsistency in defin·,tlons and methods when

they are to be implemented.

The notion of 'assessment" is related to the perception of a problem, and therefore to "agreed" values

and goals. This requires a community consultation in order to identify and agree about common values

and goals prior to conservation actions.

Choices are also implicit in monitoring, this one being a collection of specific 'Information for manage

ment purposes. From a conceptual point ofview monitoring is not self-justifled and autotelic, butls done

in response to hypotheses derived from assessment activifles. Monitoring is most effective if directed

specifically at the goal and contained within a management (response) process, its results being used for

confirming or altering management actions.

Placing assessment and monitor'lng within a management perspective leads to ask severa 1 aitical questions:

- what are we trying to maintain or develop or restore and why?

- how are we going to maintain or develop or restore this?

- how are we going to determine ifwe have been successful or not?

.•••........•....•.......• 11
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Inland water ecosystems (streams, rivers, lakes and wetlands)

General features

Inland water faunas are characterised bya h'lgh level of endemicity, witil genetically isolated populations.

This result partly from tile heritage of paleoenvironments, of glaciations and recolonisations from refuge

places (e.g. lakes faunas). Inland waters are truelslands for several animal groups 'Including fish, macro

crustacea, molluscs, etc. Thus H'istory is quite important to understand present stages of in land waters

biodiversity, and long term changes were until recently cons'Idered as the dominant factor explaining

biodiversity. Now, the role of behavlour is being pointed out as an alternative, witil sympatrlC specla

tions occuring in lakes without isolation, but simply due to behavioural reproductive segregation. This is

a major phenomenon in some places and for certain species (e.g.: Cichlids in Lake Victoria).

The present state of aquatic biodiversity, in a climatic and geomorphologic framework, is the result of

past environmental changes that resulted in speciation and evolution. The future relies on global changes

but also on human impacts at a regional or local scale: habitat changes, pollution, invasive species, ove

rexploitation of natural resources.

Therefore dealing with freshwater biodiversity requires taking into account spatial and temporal varia

bility, but also the complexity of interactions between faunas and tileir environment, and among faunas

themselves.

Threats

Threats on 'Inland aquatic systems are weil known. They consist in physical modification (infilling, drai

nage), hydrological alterat'Ion (barrages, dams), biological invasion (alien plants and animais), over

exploitation (flshing, hunting, harvestlng) and water pollution (nutrients, salt, toxins, metals).

ln the case of wetlands, "Threat" was defined as a human-induced
factor (es water pollution, siltation, over-exploitation) that couId
chanse adversely the ecol08ical character of an aquatic system.
"Issues" were defined as underlyins socio-economic and/or politi
cal factors (es agricultural expansion, urbanisation, population
pressure, sectoral structures) that could lead to adverse chanse in
the ecol08ical character of an aquatic system. "Assessmen~ was
considered as the identification of the status of, and threats to,
aquatic systems as a basis for the collection of more specifie infor
mation throush monitorins activities
Issues are less recosnised. They consist in manasement processes
(sectorial divisions, plannins structures, technical incompetence), in
economic processes (subsidies and disincentives, sreed and cor
ruption, trade and competition), in population pressures (srowtf1,
expansion, short-term needs), and in cultural beliefs (tabaos, tradi
tion, relision).

(M. Finlayson)

.........•........•....... 12



1
1 •••••••••••••••••••••••••• International Workshop, 15-18 November 1999

1
1
1
1
1
1
1

CASE STUDY

The Central Delta of the Niger River (Mali)

R. Laë·

For the last 20 years, the fish communities in the Central delta of the

Niger river rave been subjected to :(i) two drought periods in 1973

and 1984, (ii)a dramatic increase of fishing and, (iii)the building of

an electric-pcNVer dam in 1984. At differet1t levels, these: \ot3rious fac

tors modified the biologic:al cyde of the fish wtlich we:re aclapted

ta the former hydrological cycle of the Niger and the Bani rivers.

Impact of the drought

The Sdhelian drought was responslble for a decrease in bath flood

duration and inundated area of floodplain which varied From

20.000 km2 ta 5.000 km2.

Impact of dams

The building of dams disrupted the longitudinal migrations of fish

but did nct jeopardise species reproduction, spawning areas

being located dO'lv'nstream these dams. A severe decline of fish

catches was noted, correlated with the 1055 of water due ta retention.

Log(catches)n=O.26 log(lost water)n+O.181og(lost wate:r)n_1 + 9.82 r2:0.92

HOWE:ver the· total productivity per hectare of remaining area was nct altered, but inereased on the contrary.
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Impact of the fishery

The demographic pressure (3% per year) doobled the number of frshermen in 20 years. Furlhermore fishing efficiency increased a

lot due ta new fishing materials and gears. Large and medium mesh fishing nets were progressively abandoned. Last, the policy of

the Malian authonfies has been to insert the fishery into the rnar1<et economy.

1

1

1

1

1

1
1

Impact on the f1sh community

The average catch length has been reduced significantly, and for most species there is a dominance of jweniles and young-DF-the

year now. Species reproducing in floodplains have almost disappeared From this system.

However, dams aiming at producing electricity create better f10ws during the dry season than those encountered before the sahe

lian drought. Consequently, the survival rate of spawners is increased, ensuring adequate reproductive success every year. This

points out the necessity to distinguish between dams for electricity (with water discharge) and dams for water storage (with no

remaining flow).

1
1
1

Conclusions

The Central Delta of the Niger River is. a typical heterogeneous ecosystem in which fish species are able ta tolerate serious environ

mental disturbances.

Unfavourable climatic conditions, high fishing effort and dams mainly affected large fishes and the migratory species. Droughts les

sen the renewal rate of some species while fishing impacts mainly the age structure of stock.

Under new conditions of combined stresses, fish communities rnay reach a new stability; when emironmental conditions are bet

ter, time of restoration have proven ta be short.

1 13
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Major Issues

Indicators

The assessment of threats to in land water ecosystems requires the use of indicators of:

• long term, medium term and short terms (early waming) biological changes

• environmental changes in distribuflon, structure and functioning

• soc'lo-economic changes

More generally, indicators should be part of monitoring programmes aiming at assessing the state of eco

systems (diagnosis) and trends in changes (degradation or rehabilitation).

They should be integrative and representative, costless and easy to manage. This would make them a

major taol for dec"lsion-makers to assess the consequences of management options.

Hot spots

Biodiversity hot spots are geographic areas rich in species, or in high concentration of endemic species

or taxa, and experiencing unusually rapid rates of habitat modifications or 1055 (Myers, 1988; Kottelat &

Whitten, 1996).

About a dozen lakes in the world are more than 100 000 years old (e.g.: Jake Victoria, lake Titicaca, lake

Baïkal, ... ). Such lakes have exceptionally high faunal diversity and levels of endemicity, including species

flocks among flshes or amphibians (a "species-flock" is an aggregate of severa! species that are endemic

to a circumscribed area and are each others' closest living relatives). There is a cichlid species flock of

more than 500 endemic haplochromine species in Lake Victoria, and another one of more than 500

cichlid species in Lake Malawi. Ancient lakes are unique natural laboratories to study evolution at works

for severa1groups of aquatic animais. They are currently major biodiversity hot spots and most of them

are threatened by habitat alteration, trawl fisheries and the introduction of alien species. It is a world heri

tage to be preserved, bath for their biological components and for the human technocultures assoc'Ia

ted with their use.

Estuarine and coastal ecosystems

General features

Estuaries are a rigorous environment, in close association with man. They exhibit the highest diverslty in

the tropics, and estuarine fisheries are developed and weil stud·led. Three major zoogeographical zones

can be deflned: Indo-West Paciflc, East Atlantic and West Atlantic However there is a high degree of

similarity between the specres composition of the different regions:

66% of species in South East African estuaries are found in South East Asia

71% of species in Madagascar estuaries are found in South East Asia

95% of species in N. Australian estuaries are foundln South East Asia

>50% of species in N. Australian estuaries are found 'In South East Afrlca

Biodiversity in estuaries is determined by the type of estuarine systems (closed, open, lagaon, coastal

lake), by habitat diversity, by substrata, and by hydrological features (salinity, turbidity, tides, depth, and

nature of adjacent sea). Generally, the more open the estuary, the higher the spec'res diversity.

•••••••••......•.....••... 14
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The population increase (now 55 millions of people, projécted to be 77 million in 2025), leads to habitat 1055 (Ioss of flobdplains

through water regulatim) and habitat fragmentation For instance clearance of swamp forest around the'Tonle Sap dramatically

increases the siltation rate ioto this shallow lake (40 mmy1 - Csavas et al., 1994):Overexploitatim is also regularly mentioned, inclu

ding destructive-methods (Hill & Hill, 1994; Roberts & Baird, 1995).

Social concems

60 % of fish in the basin are from open water capture fisheries (Mekong Secretariat 1992). Proteins.of aquatic origin make 80% of

the diet of Cambodian populations, particularly around the Lake Tonie Sap (an inundation lake reaching 27 times the surface of the

Iake Leman, where more than 500 fish species are listed, and considered as the higher productive freshwater zone in the world 

Rainboth 1996). Traditional fishing knowledge in this r~ion is particularly rich and quickly disappearing.

Threats

Forty-three dams along the Mekong River or its tributaries are planned forthe next years, including ten on the main stream - Mekong

Secretariar.1992). Full iinplementation oftt'le water resource managementprojects could lead to a lo~sof 92% ofthehigh-water

surface areaof the inundation zone (Scott 1989). Water retentim is a major concem for Vietnam threatened, not to mention other

problems,.by oversalinization in the delta.

CASE STUDY

A blodlversity hot spot: The Lower Mekong

E. Baran

The Mekong River is the mh longest in the world (4180 km), and the 3rd

in discharges after the Amazm and the Brahmaputra. Ils colossal high

f1aws (maximum mean discharge amounts 54 times the minimum mean

Glîscharge) ereate large sutfaœs of ......etlands ln the rainy 5eaSOl1 (Scott
1989, Lacoorsiere et al., 1998),

Laos: 9700 km2(edges of the river, along 1700 km)

Cambodia: 35 000 km2(19% of the country)

Vietnam: 39 000 km2 (> surface of Belgium)

Total: 83 700 km2 (the surface of Ireland).

Blodiverslty

- Considerable species richness of the fisti fauna, with 1200 fish species for the whole Mekong and eciually high diversity for mol

luses (Rainboth 1996)

- High rate of endemic species, not quantified but attested by many authors, abOlIe ail in the upland areas.

- Particular ecologica1 patterns, 85-95% of the freshwater fish populations in the Mekong basin being migrantand following the inun-

dation pattems to spawn and rear young fish (Pantulu 1986)

- Particular endemic and charismatic species, such as Pangasius gigas -the giant catfish- reaching 3 m and 300 kg, and migrating

on thousand of kilometres From Phnom Penh to the province.9f Yunnan .. Oriee quite cornrnon, today disappearing (abOut 70

individuals caught f'Nery vear in Northern Thailand, sf'Neral hundreds before). Also three dolphin species.
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For any one type of estuary in a particular area, the information is now available to predict the specles

compOSition of its fish community under 'natural conditions', Good information also exists to predict the

effects of likely threats on different flsh species withln the community.

The background trends ln estuarine and coastal systems are global warming (sea-Ievel changes, rising

water temperatures, strong storms), human population increase (mainly in the sub-tropics and tropics).

The rising of the sea level will modlfy depth and area of estuarles, and area and species of mangroves

(however these effects can be considered as pOSitive on mangrove surface in Australia for instance).

The rising of the water temperature will have effects on fauna living close to physiological limits.

The increase in severity of storms will cause a phYSlcal damage to mangroves and erosion of banks.

1
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Threats

Threats on estuarine and coastal ecosystems have been listed below

Dams, weirs and water abstraction

Obstruction may prevent movement or migration and result in changes in species composition.

Freshwater retention and reduction of floodlng will change the salinity regime, resultlng in hypersalinlty,

inland incursion of mangroves and changes in nursery function.

However the impact of dams will be different depending on the local pluviometJy (oversalinization 'In

case of low rainfalls, extension of the estuar'lne zone in cases of high pluviometry). The resulting impact

may be good for certain estuarine flsheries.

Dredsins

Massive disruption of substratum and disposai of spail will modify and reduce the diversity of benthos

and flsh communities. Deeper channels may induce a change in fish populations towards larger species

Mansrove 1055

The current loss of >1% p.a. for timber, aquaculture, development, oil etc. will allow increased erosion,

surge protection, affect the phYSlcal structure of estuaries and the overall ecology of the system (species

composition and community structure)

Effluents

They consist in persistent organochlorines, oils and hydrocarbons, trace metals and sewage. They might

have direct toxic effects, xenobiotic activity or indirect effects on benthos and food chains.

Eutrophicaflonlnduces changes of communlties and dlsappearance of many species.

Effects of fishinS

Fishing impacts target specles, but also non-target species, for instance through bycatch.

It can impact habitat (a Iteration, loss of nursery sites), reduce water quality, cause turbidity and effluents.

One can also mention effects of fish removal on nursery functions and of removal of species on trophic

structures.

Major Issues

Estuarine biodiversity study sites

An approach of estuarine biodiverslty study sites must take account successively of latitude, biogeogra

phical regions, types of estuaries, health status and type of threat, and of the different biologlcal com

munities. For such sites historical data sets are required. Sites where remediation is possible must be

considered too.

Estuary health assessment

For an estuary health assessment, flsh seem to be the most suitable group, because of large existing data

sets, of detailed scientiflc knowledge, and of intematlonal recognition as robust indicator.

Thus fish species diversity is relatively high and many species have specific environmental requirements, hence

make good indicators reftecting the overall health of the system. Fish species composition and diversity is a

refiection of many smalJ effects and subtle changes in water quality parameters, habitat, substratum, vegeta

tion, flow patterns, fishing pressure, ... Furthermore quantitative fish species compositions and diversity data

are available From basellne and modified estuaries in ail regions. As mobile aquaflC animais, they allow for lin

kages with bath freshwater and marine environments. Last, there is a community familiaritywith flSh and know

Iedge possessed by resource managers. High publ'IC interest and profile ensures polltical responses.

.•.......•......••..•...•• 16
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CASE STUDY

Threats on fish blodtversity ln estuaries, r1ve~ and Iakes of Senegal

P.S. Diouf

The main causes of loss of fish biodiversity in the aquatic environments of Senegal are,

The raln deficit
- decrease of the surface of the flooded zone (the -success of the reproduction ofcertain fre

shwater fish species depend on it)
- considerable increase of the salinity (up to 120-170%0); massive fish mortalities at certain 5ea

sons; alteration of the benthic malacofauna feeding some species of fish, ...

HYdro-asrlcuftural dams
- physical barrier to the migratioo of fish. . ,
- for some fish stocks of the low estuary, théir main spawning grounds have become unreachable, leading to a recruitment deficit.

Ferrif/sers,.pestiddes and hèrbicfdes
.- prolifelëltion of aquatic plants and seawe~d.

, - negative effects of insecticides on somespecies (Cichlidae) and notably the juvenile ecophases,

Overexploftation and bad fishinS practlces , '_ , . _
- dramatic increase of fishermen efficiency, thanks to technological mutatioos these laSt,decooes (motorization of pirogues, long

nylon nets, ... ); , .
- total fishing, blocking nets across the whcile stream, use of several kilometres long beach seines with very.small mesh size (cat-
ching mostly juveniles that are thrown aw~). ..

lrreievance ofpolldes and of thelr implementation
- Iaws regulating the Senegalese éontinental fishing are approximately 30 yeaTs old,but ecological, socio-economic and admi·

nistrative environments have changed a lot, and they are now irrelevant.
- Iack of human and financial resources in the administrations in charge of this sector,

Conclusion

When moderate, the increased salinity in non-dammed Senegalese estuaries paradoxically did net lead to a decrease of total speci~

diversity. A huge number of freshwater species present 30 yearo ago has practically disappeared FrOm these places. But the colonisation

potential ofmarine species being c1early higher than that of cootinental species, theywere ieplaced by marine species, and tdal species

richness in these environments did net decrE:aSe. This points out the need for suitable indi<ittors of biodiversity in changing environments.

1 Marine ecosystems

1
1

The wide divers'Ity of issues related to marine ecosystems led to make choices. As Coral reefs biodiver·

sity status and trends are to be taken into consideration by another UNEP workshopl, it was chosen for

the present workshop to focus on reef flshes and on large marine ecosystems.

General features

1
Reef ecosystems throughout the world are not slmllarln terms of knowledge on biodiversity ln the Pacifie

knowledge on marine fish blodiversity '15 still incomplete, and in most places species lists are still ln a pre

liminary state
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1 information management and decision support for marine biodiversity protection and human welfare: coral reef.
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Species richness decreases from a biodiversity centre, bet.vveen Indonesia and the Philippines, towards

the East, and decreases as weil as latitude increases. Another 'Important factor in species d'lVerslty is island

size, the larger islands having higher species richness. The combinatlon of 'Island size and distance to the

biodiversity centre expiain nearly 90% of the variance in species diversity.

A consequence is that biodiversity may be more easily threatened in small islands 'In the Central PacWlc

than in islands of similar size or larger 'In the Western Pacifie. However, the species distribution with res

pect to the distance to the biodiversity centre may be very different depending on the family considered.

The species composition of islands may shift quite drastically through time, with however no major chan

ge in the total number of species. In particular on small 'Isolated islands, species may naturally disappear

for some time and reappear later in relation with variations in the recruitment

1
1
1

Dlversity = 570 + 92.5 logSurface ·0.076 Distance R2 = 0.88
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ln most of islands, endemic species represent less than 5% of ail species, with a few exceptions such as

the Moarquesas, Easter Island or New Caledonia. An 'Important consequence of this low endemism is that

if local extinction of some species is possible, complete extinction for reef or lagoonal SpeCles 'In the

Paciflc is probably unlikely in a near future.

Another feature is the existence of severa1 biogeographical provinces that support distinct species

groups, in particular the following ones: Hawaii, Polynesia, Micronesia, Westem Pacific, Japan-Taivvan,

Northem New Zealand, and New Caledonia.

The relationships between fish assemblages and the environmental parameters may change with bic

geographical region or depending on the biotope consldered. From a biodiversity standpoint thlSIS

important as it shows that one cannot extrapolate ecological results from one biogeographical reg'lon to

another, or between different habitats of a given region, even if there is a high similarity in the species

involved.

Threats

For Pacific reef and lagoon flsh assemblages most of perturbations are of anthropogenic origin. Habitat

destruction or modificat'lon probably is the most frequent and the mostlmportant one. DestructIVe

flshing due to cyanide, explosives or in some areas extensive trawling is another major threat. Cyan ide

poisoning has received wide attention lateIy. Beyond its impact on the reefs this method is the sign of a

profound degradation in customary regulation of flshing grounds, meaning that people are no longer

concemed by the conservation of reefs and their resources.

Among the other types of perturbations is pollution of various nature such aSlndustriai and city wastes,

agricultural and forestry runoffs, open pit mining Cespecially important in the Westem Paciflc).

Aquaculture, essentially shrimp farming may have also deleterious effeets, mainly bYlts effect on shore

line and the input of nutrients as weil as the increased risks of disease for wild populations. A more recent

threat is the use of juveniles collected in the wild for rearing in aquaculture projeets

Species introduction is seldom a problem, however there are important exceptions Ce.g. introduction

of Lutjanus kasmira in the Hawaiian islands).

.......................... 18
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A recent oveNiew (Roberts & Hawkins 1999) provided criteria to identify marine species vulnerable to

extirpation and extinction, according to their life history:

Population turnover

Longevity, slow growth rate, low natural mortality rate, low production b·lomass.

Reproduction

Low reprodudive effort, semelparity, flshes old or large at sexual maturity; important sexual dimor

phlsm; sex change occurr"lng; spawning in aggregat"lons at predictable locations.

Capac"lty for recovery

Regeneration from fragments does not occur; dispersal on short distance; poor competitive ability;

poor colonis'Ing ability; low adult mobility; irregular/low recruitment.

Range and distribution

Nearshore horizontal distribution, narrow vertical depth range; small geographic range; h'lgh patchiness

of population; high habitat spedficity; high habitat vulnerab'i1ity to destruction by people.

1
1
1

CASE STUDY

Large Marine Ecosystem of the Gulf of Gulnea

K. Koranteng

ln a large Marine Ecosystem such as trat of the Gulf of Guinea, in West Africa, the living mari·

ne resources of the area depend on the upwellings whlch occurs seasonally.

Since the late 19605, there rave been dramatic changes in demersal shelf fishery catches, with

decline of sardinellas, proliferation of triggerfish Cmaking up to 60% of ~tches), increase of

cuttlefish and recently, bloom of a bivalve. These changes remain poorly explained.
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A recent wor1< examined the structure and dlynamics of these fish assemblages, together with related environmental parameters,

during the last three decades.

Community structure is determined primarily by depth and type of sediment on the seabed, but the dynamics of the assemblages

are influenced by physico-chemical parameters of the water masses.

Sea temperature was constantly rlsing during the 30 considered years, apart in the 1972-1982 period corresponding to the proli

feration of triggerfish. This period was particular indeed in terms of temperature, salinity, and species composition.

The analyses show that temporal environmental changes Cmainly natural) wou Id lead to temporal changes in species assemblages

whilst permanent change Ce.g. habitat alteration or habitat loss) wou Id lead to long-term or permanent change in species assem

blages. The increased Industriai trawling in ccastal waters and enwonmental forcing appear to have singly or conjolntly influen

ced the observed changes in the composition and relative importance of species in the assemblages.

.......................... 19
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Aquatic biotechnology: threats and issues

General features

Recent proliferation of aquaculture enterprises and related zootechnical developments modified the natural

environment of aquatic animais wild stocks, via polluting effluents (organic matter), but also via spreadlng of

aquatic pathogens, discharge of chemotherapeuticals and escapees bebnging to alien species. Hovvever

the genetlc aspects of aquaculture 15 a major concem when deanng with biodiversity conservation.

Threats

Among freshwater species, crossings between two SpeCles gave birth to more than thirty popular

hybrids. Fourteen of these hybrids are fertile.

Intergeneric hybridisation a/50 occurred among marine flShes, for instance between specie of Sparidae

and Dentex. Some of these hybrids, exhibiting huge growth rates and sizes, were also considered as fer

tile. Theselnterspeciflc and even ·Intergeneric hybrids deeply affect the notion of species.

Other genetic risks consist in the genetic erosion (1055 of genetlc variabil"lty ·In wild populaflons), genetic

contamination (propagaflon of wild gene pools containing foreign genetic material) and genetic dete

rioration (accumulation of defective aIleles induced by mutagens throughout generations).

ln any case rlsk assessment in a natural context is almost impossible due to possibly unexpected capa

cities of released individuals, unpredictable interactions with other species, and uncontrollable beco

mlng of these stralns.

Major issues

An unidirectional gene flow from natural populations to farmed stocks should be the rule. Therefore

management policies should incorporate:

- mon·ltoring of genetic variability in populations that might be susceptible to greater genetic losses;

- reproduction control of farmed flshes and demand of complete sterility (Iack of gonadal develop-

ment, failure to produce fertile gametes or inability to mate) for ail types capable of genetic contami

nation of wild flsh populations

- checking for chronlc mutagenlc effects by using tests that may include the exposure of transgenic flsh

bearing known DNA sequences to be screened for damage.

However in the formulation of biosafety policy and regulations for living modifled organisms, the cha

racteristics of the organisms and of potentially accessible environments should be considered as more

important considerations than the processes used to produce those organisms.

More generally speaking, the conference heId in Bellagio (Italy) in April 1998 recommended to c1early

assign national responsibilities for conservation and sustainable use of aquatic genetic resources among

institutions and agencles. It also recommended to develop national curricula which integrate conserva

tion and sustainable use of aquatic genetic resources into ail levels of education.

Last, a concern for the protection and reward of knowledge, innovations and practlces of indigenous and

local communities and indivlduals is to be raised, together with intellectual property right regimes.

................. ~ . 20
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5ummary of emerging themes

General features

• Present diverslty is a reflection of evolution over a long time scale; we are looking at a ·snapshot· in time.

• Estuaries are among the most impacted ecosystems because of close association with humans over

long perlod. They are relatively low diversity habitats compared with the sea but have very hlgh pro

ductivity and act as critical nursery areas,

• There are high levels of flsh endemism in freshwater systems, and these ecosystems can be viewed as

"islands" for severa1animal groups. These two features contrast to estuarine and marine systems

• Behav'lour is now recognised as an agent in speciaflon,

Threats

• Human activities occur at different scales from local to global.

• Negative impacts of human activities on freshwater and coastal ecosystems are higher than those on

marine ecosystems,

• Spec'Ieslntroductlons (e,g, Lates niloticus, (Iarlas gariepinus) can have a devastatlng effect on flsh

diversity.

• Fish',ng can alter not only the target species but also the biodivers'Ity structure through direct and indi

rect effects.

• Release of genetically modifled organisms into the wild is another major recent threat (sterile indivi

duals reduce but do not eliminate threat),

• There is a lack of government support for long term studies on biodiversity trends in aquatic ecosystems,

Trends

• Dynamic equilibrium in terms of numbers of species has been altered by humans - in some cases an

increase and in others a decrease.

• Habitat loss, alien species introductions, pollution and global climate change are major environmen

tal trends affecting the conservation of biodiversity,

• Use of bioindicators at different levels (individual - ecosystem) and at different time scales (short

term -early waming-, medium and long term) are required to identify trends and inform decision

makers on the consequences of management options.

• Fish are a most suitable bioindicator group because of large existing data sets, scientific knowledge,

international recognition as robust indicator, and likelihaod of research outputs being used by managers

• Identification of sites (ecosystems) for targeted activities - goal is to create a network of biodiverslty sites.

Emerging Issues

• Ancient lakes have become an 'Important taol ta study fish speciation (species flocks) - these systems

acting as natural laboratories,

• The need ta better document the 1055 of species from tropical reg'lons is an emerg'lng issue.

• Another emerging issue is the selection and development of standard methods for biodiversity

assessments and comparisons,

• The raie of disturbances on biodiversity is a new focus, requiring the ability ta distinguish natural from

human induced changes,

............•............. 21
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• The role of dams 'In breaking biodiversity 'continuity' between freshwater and marine systems needs

to be addressed, However the relative impacts of dams established for agricultureJindustry versus

those establlshed for hydroelectric generatlon must be distinguished,

• Data management and information flowon an ecosystem and global basis also need to be addres

sed,

• Aquatic reserves are to play an important role in biodiversity conservation,

• Biodiversity conservation needs "tools' which can be rapidly used and the information conveyed to

decision-makers in a user-fr'iendly format. This does not replace the need for regular, long-term moni

tor'lng,

• However biodiversity should not be equated to ecological importance; for instance wetlands are

ecologically important but often have low species diversity,

• Last, human d'Imensions is an important component of biodiversity; this covers human/nature rela

tionships, 1055 of traditional knowledge, food security, population growth and needs, poverty and

envlronmental degradation,

......•.....•............. 22



1
1
1
1
1
1
1
1
1

•••••••••••••••••••••••••• International Workshop, 15-18 November 1999

AaUATIC BIODIVERSllY ASSESSMENT: STRATEGIES, METHODS AND TOOLS

Most of the new theoretical and conceptual issues come from terrestrial ecology. Aquatic ecology suf

fers a lack of theoretical and conceptual formalization of the large amount of knowledge accumulated for

many years. Nevertheless obvious d'Ifferences, similarities exist between terrestria1and marine ecology

concepts and approaches, which suggests that agenda of terrestrial biod'Iversity assessment should be

looked at. It would be interesting to consider the recent advances in terrestrial ecology when studying

aquatic ecology. Concepts like the weil known one of keystone species are now enlarged by concepts

of possible keystone ecophases or keystone guilds. Some of the tools in use in terrestrial biodiversity

conservation, e.g. reserves, are now applying in marine conservation or restoration.

ln 1997, IUCN required sustainability indicators drawn from population biology and life history parame

ters to be identified, and indices of level of impact to be developed. Indicator species reflect the qua

lity and changes in environmental conditions as weil as aspects of community composition. Changes in

distributions, abundances and demographic characteristics (population, sex and age structure) of such

species may indicate adverse changes ln an ecosystem as a who le.

Black holes and information flow

Black holes and the ichtyo-region approach

.•..•...•.......••..•..... 23
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The regions that were never studied, or where large time gap in information collecting exists, are consi

dered as geographic black holes. Large parts of South America, Central Africa , (Congo, Angola, etc),

South East Asia, China (?) are the main geographic black holes identifred during the workshop. It has

been noticed that some "known' areas have changed dramatically since they were studied, and have at

present time become 'new black holes". This

emphasize the need for the long time moni

toring system.

Some habitat black holes have also been

identifled among seagrass habitats, rocky lit

toral hab'ltats, deep sea, offshore water, coral

reefs, mangrove ecosystems, wetland.

'The concept of ichtyofaunal provinces pro

ved to be a useful tool for descriptive and

comparative purposes (Skelton, 1988) even if

it suffers limitation in its applications'

(Lévêque, 1997). On the basis of the actual

knowledge, it is possible to establish maps

of what are or could be the main ichtyo-pro

v'lnces and what is the 'state of the art' in the

different ones. It is possible to identify a

dozen of ichtyo-provinces in Africa on the

baSIS of similarity of fish fauna in dlfferent
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basins Ichtyo-provinces give an idea of what can be the expeeted fauna in a given area. The ichtyo-pro

vince concept can help in ·Identifying black holes and planning for sampling where knowledge is mar

kedly weak. The Angolese region, for example, can be considered as a black hole because of the long

lasting war, whlch prevents from any detailed study for a long time.

Ichtyo-provinces and ichtyo-regions are delimitated bio-geographical units of simllar blodiversity based

on spec'les richness, endemism, taxonomic uniqueness and unusual ecological or evolutionary pheno

mena. Taking ail these points into account leads to the concept of biological distindlveness recently put

forward by the WWF.

A further step inside the ichtyo-provlnce conceptls to identify the major habitat types. This can helpln

giving a status to particular habitat types like main rivers, wetland areas ... Moreover, it helps in locating

possible refuge zones that must be targeted as possible conservation sites. In other parts of the World,

South America for example, the concept of refuge zone may not be appl"led with the same success

depending of the history of flsh communities and the geographical morphology of the area under

concem. In marine communities, there may be more geographical continuities without obvious frontiers

but functional similarities of the assemblages of equivalent fish spec'les in sometimes very distant locali

ties are observed.

Colleeting and mapping the existing knowledge allow to identify the more studied regions, those which

need furtner exploration and, finally, those WlthOut anYlnformation. This has been done (e.g. in Brazll) for

different vertebrates and even for chem·lco-physical parameters. The ecoregion approach was applied

in order to identify areas that need priority for conservation. Small areas such as very small coastal rivers

may display a very high diversity. Even if biological diversity is not so high, high endemism may be the

reason for conservation priority

ln the marine environment, the concept of large marine ecosystems (LME) has similarlties with ichtyo-pro

vinces that can be established for in land waters.

There are a/so 'black holes' in the scientiflc knowledge on 1) QuantitatIVe biodiversity (community struc

ture, population demography, seasonal changes), 2) life history, 3) Some particular groups of animais

(Insects, mammals, sharks ... ). Attention has been drawn on the lack of knowledge on morphological

identification of larvae, a useful information when dealing with nursery areas.

Non-exploited knowledge and information

An other way to fill the knowledge gaps either on inland water biodiversity or coastal and marine biodi

versity within less known areas as weil as threatened areas is to retrieve forgotten information. This is

essential for establishing the state of the art and for further definltion of goals and prlorities.

Two steps can be distinguished when searching for exist·lnglnformation: flrstly, identifying and localiilng

existing information, secondly, accessing and collecting that information. In faet, most of the existing infor

mation is not published, or more often published under a non-accessible form (gray Iiterature, reports

from surveys and expeditlons ... ). This is a great waste ofwork and money, more ofteri from public or inter

national funding. Frequently, ail these existing data might need reanalyzing (and evaluation).

Abundant existing information is often ignored. Examples given were those of the many publications in

non-european languages and of the traditional/indigenous knowledge.

Some kind oflntermediate level of publication should be proposed to help the diffusion of the know

ledge not produced in the classical scientific format in order to make it available. This requires the set-
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ting up of scientiflc committees that could guaranty some level of confidence on the publ'Ished data.

These publications could be imagined on the model of some existing intemational organizations letters

or nevvspapers and/or put on the web.

ln some cases Iike econom'Ic crisis or armed confliets, the existing information is threatened of disap

pearance. There is a urgent need of action towards the local scientific communityln order to enhance its

capability to keep the data "alive".

Distribution of existing infonnatlon

Access to information is a key issue. A high priority should be given to knowledge availability and infor

mation flow. A lot of information is stored in museums and in locally publ'Ished paperSi local knowled

ge exists but remains neglected or unwritten. Making this information accessible at a global level and

making use of 'It should be a pr'iority. Mobilizat'Ion of existing data is a key instrument for biodiversity stra

tegiest through data base networks (Clear'ing House Mechanisms), meta-databases, management of these

data.

Direct access to information free of charge should be promoted by establishing a network available to

everyone at an intemationallevel.

Attention should be given to the establishment of a network of institutions and museums regarding the

scientific collection of specimens as weil as the maintenance of databases. A decentralized organizat'ton

through a network of databases and museums would let each of the national museum contributes for its

own relevant part. This is applied, for examplet in the Brazilian network for conservation of biodiversity.

Severa1institutions ln North Americat Canadat Europe and South America are now part'rcipating in this

collaborative network.

It is important to avoid centralized systems that give little probability 'In long term success ma'lnly becau

se rapidly ageing in technology.

Ecological and Biologicallndicators

Community structure

After being dominated by the role of spatial structurest such as Island Biogeography and Landscape

Ecology, models in community ecology incorporated the influence of temporal variability. In maintaining

populations below the carrying capacity of a habitat, and community far from equilibriumt disturbances

have been considered as promoting biological diversity (ConneIl, 1978 i Plckett & White, 1985).

Studies on species assemblagest based on various indices or mult'lVariate approachest intend to provide a

tao1to maintain self-sustaining communities and their dynamics in the long term. Another challengers to

identify the guilds and the functional groups of organism (important for function and structure). This leads

to the concept of keylkeystone guilds instead of keylkeystone species (Brown & Hesket 1990). The last chal

lenge '15 to rise an integrated theory of populat'Ion and community ecology in an ecosystem approach.

A largely accepted and ancient point of vievY is that species extinction would be impossible as far as

marine species are under concem. A recent revlew of species disappearance and/or extinction of fish

species at sea shows evidence for contemporaryt but quite infrequent marine extinction (Robert and

Hawkinst 1999). This could be a bias due to the insufficient amount and quality of data related to that
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topie. These extinctions occurred through many d'lfferent causes like loss of ecosystem properties, loss

or degradation of habitat, competition or predation byan introduced speCles, over-explo·ltation. Some

cases arose from multiple causes. Spec'les vulnerability may be due to biological propertles: long living,

slow growing, low reproduction effort, old age at reprodudlon ... Causes may also come From ecologi

cal or behavioral characteristics especially weak dispersal abilities, high specialization, fluctuating recrult

ment, small colonization capabilities ... Most of the threats resultlng From humanlnteradion with marine

fish population certalnly lie in thelntra-specific loss of diversity This could lead to less population resi

Iience to stresses and to long term consequences in catches.

Community structure can be assessed in a more multi-d'Imensionai approach An examplels given of a

bio-ecological classification of flsh species 'In west AFrican estuaries (Albaret, 1999). Studies on fish

communities from many West African estuarine systems were synthesized in so-called b'lo-ecological

categories dependlng of the origin of the fish species, From mar'lne to continental, the utilization they

make of the estuarine environment, From temporary to permanent, the reproductive strategy, From sea

spawners to estuarine spawners ... (following figure). This allows the kind of results presented in the figu

re (figure p.27) where comparison of community structure in Jake Togo, a Togolese lagoon, is made

through these bio-ecological categories between two periods of time Durlng the first one, the lagoon is

closed, durlng the second one, it is open to the sea. In that figure, the striking shift in the fish communi

ty structure, expressed by its relative composition in bio-ecological categories is c1early illustrated.

Ecologlcal approach of the ecosystem shows thatlnteraction strength between species is a key parame

ter when addressing management and conservation strategies. This leads to the concern on food web

complexity and organization. Moreover, most of species do not have any detectable effed on the abun

dance of other specles while a few of them have strong effects (keystones specles).

Marine affi nity
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(Albaret, 1999)

.a
Regular

io
lagoons

A.lXcidcntalis
I.arncan.

L.lacv'gulll'
P·4I'n4"Urills

Basic fish corn munity

Continental affi nity 0 \)

E
bc StrÏl.:lly m

Ce III in 10 Me
Rcgular la~ollns logo n h\g( on~ Frequent

Rare in in and rivc,.~ and 'ca in
lil~nlln lagu nll ' lagoons

T. gu i"censi,
P.1concnsis ~ .nt~l.. nnlht:=n:lR I..gmndlsquun';s
C.:lunuus G,nigri L.falcipinnis

S.my'lU'
.f1lilUrU~ P.s.bac , .lïlllhrialil C. hiJlllQs

H. nihMicus P.pcllucida
H.r•. eiUIII!>

.,.,nell·lensis E.luçcna

P.cndlichcri Il.longipinnis .chrysurus

P.<""curu . H.lldllc E.rndJnllplcrus

P. annCClt:ns

1

1
1

1

1
1

1
1
1 .......................... 26

1



1
1 •••••••••••••••••••••••••• International Workshop, 15-18 November 1999

1
1
1
1
1
1

EM
10 %

June 1984

EC
17 %

E
70 %

EC
9%

CO
1 %

June 1989

EM
44 % (Laë)

1
1
1
1
1
1
1
1
1
1
1
1
1

Trophic structure

Recent papers in the Iiterature have shown the inereaslng success of trophodynam·lc models to assess the

evolutlon of a community (mostly towards a lower average trophic level). However there are discussions

about shifts in structure vs. shifts in total productlvity, about the time lag for response according to gene

ration time and the necessity tOlntegrate migratory behaviour of upper troph ic level predators (Silvert,

1994 ; Robinson & Ware, 1994).

As flsheries are frequently multi-speciflc in tropical coastal reglon, one of the greatest effects cou Id be

on the overall structure of the community especially when flshlng down the food web.

It has been reminded that the lowering of mean trophic level of a fish community under stressing condi

tions ·15 a weil known phenomenon. The general evolutlon is a decreaseln the predators relative abun

dance and a correlative increase in the abundance of species belonglng to the lowest levels, namely her

bivorous speCies A carefull and thorough study of that kind of flsh community response cou Id lead to

suitable indicators of env·lronmental change.

Reproductive strategies

ln flsh the age/size at maturity can change in response to environmental changes (Wootton, 1991) and the

shape of the age-size maturation trajectory responds to selection. Can this criterion be fitted to evaluate

the stress rate of a community and its exposure to diversity loss?

Evidence can be raised for a diverslty of variation of the age at first maturity for a range of species when

exposed to environmental perturbation (Including flshing pressure). Some specles are able to adapt

generally through the diminution of their length at flrst maturity whlle most of other specles cannot do 50.

Most of the species that are able to adapt belong to the lower food chain levels. This is whYlt is fre

quently linked to the lowering of the mean food chain level of the community deereases following the

perturbation. The example of West Afrlcan estuarine ecosystems showed that this could lead to a stabi

Iization of the overall productivity in spite of high flshing pressure in opposition with the c1asslcal flshe

ry theory concerning overexploltatlon (figure p. 28).
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Response of f1sh communities

to increasing f1shing effort: the

example of Ebrié and Togo
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Fishing yields remain relatively

constant even when fishing effort

increases threefold beyond the
point where the asymptote is rea

ched. In that case, although fish

landings are constant, fish bio

mass declines and CPUE

decreases when the number of

fishermen increases (from 1700 to

500 kg fisherman-1 year-1). The

persistence of high yields can

partly be explained by the rejLNe
nation of fish stocks in which the

average length reduced from 196

to 127 cm. In the same time, the

number of species representing

83% of total catches decreased
From 11 to 6. The latter suggests

an adaptive response of the com
munity trophic level to overfishing

by selection of phytophagous or

detritivorous species. In terms of

life history strategies, continuous

reproduction as observed in

sorne species is an important fac

tor enabling these species to
remain abundant when ail the

other species become less abun

dant when subjeeted to intensive

fishing effort Finally, continuous
reproduction and lowering of the

age at first sexual maturity leads to

an increase in the number of

reproductive cycles each year

resulting in a rapid renewal of fish

biomass.
The high mortality coefficient observed can be interpreted as an important reduetion of the residual biomass The res

ponse of fish communities to high fishing pressure is to reduce the number of species in selecting planktophagous or

detritivorous species (Tilapia and Sarotherodon) and predators (Chrysichthys) and to favor species with high repro

ductive capacities, especially those which have several short-lived annual cohorts. The major adjustment is obtained

by shortening trophic chains and this particular point tends to improve the PIS ratio in the fish communities.
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Genetics

Molecular Ecology can be deflned broadly as the application of molecular genetic markers to problems

in Ecology and evolution, encompassing studies on the genetic relatlonships among individuals, popu

lation and species (Carvalho, 1998).

Molecular Ecology thus describes an approach, rather than a discipline, and necessarily 'Incorporates

expertises from diverse fields, but most notably from Molecular Biology, population and quantitative

Genet'ics, Ecology, h"storical Biogeography and Systematlcs.

The eros'Ion of genetic diversity has been considered as an ind'Icator of 1055 of biodiversity in a given area.

The recent and diversifled technical developements provide useful tools in many issues related to

conservation biology : Population structure, migration and gene flow, introgression, species identifica

tion, systematics, community diversity, stock assessment. ..

Examples from the literature have been presented to i1lustrate the interest of molecular ecology :

Population structure ln West-African tilapias, genetics and conservation of salmon'Ids, of North-American

desert fish and gene flow in mosquitos.

Ibi's and other possible Indices

Although largely adopted in stream ecology, Indices of Biotlc Integr'ity (IBis) seems to have had, until now,

low success in estuarine or coastal waters due to environmental variability and lack of reference situation

(Deegan et al., 1997). In the marine area these methods could be of interest for local communities such

as in coral reefs or in c10sed areas, but remain problematic for most mar'ine communities due to the open

nature of th'IS environment.

One of the major impediment to the use of this method in tropical ecosystems is the lack of the relevant

knowledge in taxonomy. This is complicated by the diversity of the bio-geographical context. This

implies to take a better account of the concept and deflnition of ichtyo-provinces. There is al50 a need

for reference situations from high quality ecosystem whatever the type of IBl's in use: Species rlchness

and composition, trophic structure and reproduction, population size, flsh abundance and condition.

IBl's could be a good tool for the survey of biodiversity in the tropical zone. Before reaching this, there

is a urgent need for training researchers from the developing countries 'Involved in these actions, espe

cially in the field of taxonomy. The interest to invest either in the formation of taxonomists and the imple

mentation of research programs or in the building of large museum needs further discussion.

ln the case of ccastal and estuarine communities, the complex relationship between flsh assemblages

and the multiple impacted environment strongly suggest that fish communities couId be of interest as

blological indicators. Fish offer the advantage to be present in almost ail k'lnd of aquat'lc ecosystems. Their

response to environmental change is faster than for benthic , mainly sessile, organisms. Most of the flsh

species present different reactions to the stressing environment, depending of the life stage at which they

are. The species as weil as the developmental stages different answers to environmental changes 15 consi

dered as one of the best advantages in using flshes for environmental survey. Difficulties come from the

influence of different bio-geographical zones, the ability of flshes to swim away, the sea50naiity of their

occurrence, their sensibllity to pollutants and sampling selectivity. Fishes could be used e'lther as blodi

versity indicators, or environmental health indicators, or ecosystem importance indicators. These appa

rently contradictory arguments show that a lot of work remains to do in that field.

A tentative apprcach of South-African estuaries (figure p.30) was given as a good case study. This was

conducted through a careful classification and a typology of estuaries, (functioning characteristics, size,

......••....•.•.....•..... 29
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A flsh importance rating (FIR) currently under development at the J.L.B Smith Institute of Ichtyo!ogy,

Grahamstown. This rating will result 'In a ranking of South Afr'ican estuar'ies 'In whlch their importance to

estuar'ine-assoclated fish species is prioritized.
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geographical isolation ... ). This leads to the setting of an "health index' which can be used at the regio

nallevel. In this approach, flsh are placed, for aquatic envlronment, at a level s'Imilar to birds in wetlands

in the managers and the public consideration, especially when they represent an economlc or recreatio

nal value. Such a similarity may be an opportunity to fonnuJate a convention on other aquatic envi

ronments similar to the Ramsar convention for wetlands.

The strength of interactions between species in a community is recognized as the source of resilience,

then there is a need for quantification of these interactions. This implies the setting of consistent, compa

rable and relevant metrics Some of the possible metrics may be found in three main classes of indices:

- diversity and functional indices, (including strength of species interactions).

- aggregated indicators,(e.g. size spectra).

- new metrics (mean trophic level, food web structure, transfer efflciency, ... ).

Global rapid assessment methods

Rapid Assessment Methods embrace severa1of the previous approaches, but constitute a supplementa

ry level of integration and are designed to be quickly efficient.

Standard methods for rapid evaluation of the number of species in a given area have long been used to

deflne rich or depauperate areas (Anon., 1993)

Such an approach has been much developed for the aquatic environment and called AquaRAP. AquaRAP

has become a concept where most of the recent international recommendations seem to be taken 'Into

account, and could serve as an example.

Automatic methods have also been developed, such as BIORAP. For terrestrial envlronment the pr'inciple is:

1- Acquisition of environmental data (topographic, c1imatic and other environmental data);

2- Spatial interpolation (of topography and c1imate);

3- Classification of environmental data;

4- Classification of biological data (a- classification of species based on point records, leading to a pre

diction of their spatial distributions; b- classification of assemblages of species formlng functlonal un its);

5- Prediction of the spatial distributions of species and assemblages. At the end this provides a map of

potential location for a given endangered species.

ln any case, these methods are basically built on scientific field studies whose results are generalized.

Reef Check is another type of rapid assessment field stucly involving volunteer divers (tourists and stu
dents). It was designed and implemented in 1997 to provide a quick view of the health of reefs over

300 sites in 31 countries and was Sdid to have provided good results relatively to the ·Investment. A simi

lar survey entltled "East coast fish-watch project' focusing on fish was implemented in South Africa and

involved SCUBA divers, anglers, aquarists and scientists together.

These methods could be developed for other biotopes (rivers, estuarine and coastal areas, man

groves... ). Last, a rapid assessment method is the use of local traditlonal knowledge. This approach has

proven to be successful in severa1cases (Johannes 1981, 1993, Emery 1997) and despite its limitations

can provide information of interest at Iow cost. Its implementation should be recommended at least as

a supplementary investigation method.
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Example of the Aquatic Rapid Assessment Programme (AquaRAP)

(excerpt from the web site http://ww.N.conservation.orgtrap/aqua/default.htm)

AquaRAP is multinationalt multidisciplinary program, devoted to identifying conservation pr"lorities and

sustainable management opportunities in freshwater ecosystems in Latin America.

The AauaRAP aporoach

AquaRAP is based on fIve key components:

1. A team of scientists in a variety of disciplinest including ichthyologyt botanYt entomol~ macro-inver

tebrate zoology, limnologyt and genetics.

2. A basin or watershed approach

3. A quickt first-cut assessment focused on conservation priorities based on:

a. The heterogeneity of the habitats

b. A preliminary survey of the organisms that characterize each of these habitats.

c. The overall intactness of the habitatst and their capacity to support important biological resources

and ecological processes.

4. Build-up of local scientific expertise and institutional capacity

5. Follow-up action

a. Immediate in-country debriefing

b. Electronic communication of main findings

c. A written report

d. Follow-up meetings

Site-Selection Criteria

1. Pr"lmary Criteria

Habitat heterogeneity (number and types of habitats), habitat uniqueness, level of current threat,

conservation potential and opportunity (in Iight of poliflcal and socio-economic factors)t degree of fra

gilityt other biological signiflcance (ecological processes).

2. Secondary Criteria

Endemism, productivityt diverslty (species richness), human sign'lficance (economic and cultural values

of the aquatic system), degree of intactness.

3. Tertiary Criteria

Ability to generalize (from studies of particular habitats)t degree of knowledge.

For a given site each category listed above is classified as h"lght medium, or low.

Teams of scientists study the biological, physical and, when possiblet the anthropological aspects of

watershedst and categor"lze them on the bas"ls of the 13 criteria l'lsted above. The b'lological survey is

rapidt often involving collection and preservation of specimens for identification, and genetlc and bio

contamination analyses.

The activities sequence is next:

- geographical survey (cartography, aerial photographYt satellite imagest climaflc information)

- review of existing information

- setting up of Iog"IStics

- collection of samples wlth multiple gears, in different groups (fish, insects, crustaceanSt vegetation)

-Identificationt wrlting of reportst training of local scientists

.....................•.... 32



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

•••••••••••••••••••••••••• International Workshop, 15-18 November 1999

POUCY OPTIONS FOR A BETTER CONSERVATION OF AQUATIC BIODIVERSITY

General features

The main challenge ecologists and stakeholders are dealing with is how to manage ever changing nature

through the vision and needs of ever changing soc·,eties. Ecosystems as weil as socio-systems are dyna

mic concepts. They coexist rather than compete. Both vary in time and space and that contribute to their

heterogeneity. Complexity is an impedime,lt to a clear understanding and action. Therels a quite obvious

dilemma between the need for a static, non-changing, quite deflnitive management and the ever chan

ging nature of both natural resources and societies. This cannot be approached by static and deflnitive

measures as policy makers and politlcians usually do.

Policy cannot be formulated solely on the traditional bases of science. Control, replication and Isolation

of single causative variables are rarely possible in a multivarlate complex system of humanity and nature.

The power of science to analyze and predict is further hindered by the non-linear dynamics and the hie

rarchical, multi-scale operation of such large systems.

It 'IS very important to distinguish the resilience concept from the biodiversity concept Resilience as weil

as biodiversity contribute to maintain the integrity of systems. Resilience emerges from cross-scale inter

action. Ecological resdience depends upon control of disturbance and regulation of renewal.

Biodiversity is one of the factors which contribute to resilience of the ecosystem. Ecological resilience is

produced by the abundance and diversity of a variety of factors and processes that operate at different

scales. Policy determinations about large, complex systems cannot be made from the perspective of cer

tainty, because society and nature change faster than we can comprehend. Interactions are 'Increasing as

human populations and uses expand globally, so policy must address the integrity of society and nature

at the same time.

The processes are not linear. Natural systems rarely maintain a predictable course, "They erupt in episodes

of transformation" (J. Sendzimir). They may flip between dlfferent stab'''ity domains. The dynamics of the

systemslnclude the probabll'Ity for disturbance and catastrophes. An important point is that one where

systems flip to a different state or not. System integrity has the capacity to absorb disruption and main

tain the same kind of ecosystem. This lead to the 'Important concept of resllience. The key issue to

address here is to know the amount of disruption required to transform a system.

Disturbance and catastrophes are endogenous to the system. The flip and the disturbance are within its

dynamics. The cr'ltical pointiS why the system would stay the same or becomes different when distur

bed. Resilience deals with that question of why a system will reorganize as the same system or flip to

another stability domain

Management

The ecosystem approach, as far as we wish it to be a practical one, must include the incorporation of

trans-boundary and cross-sectonal elements for the conservation and sustainable use of biodiversity This

was emphasized by the '1998 IClARM -FAO Bellagio Conference, 'Towards Policles for Conservation and

Sustainable Use of Aquatic Genetic Resources'.
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Ecological scaling, spaflal and temporal, is essential. Space and time d'Imensions of the structure under

study have to be considered as weil as the space time scale of the processes that can interaet on these

processes, D'ifferent sets of processes dominate at d'Ifferent levels and generate different structure cha

racteristic of each scale, The scale of a process is the spatial and temporal frequency of that process,

Ecological scaling
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Controll'Ing the level of disturbance can be achieved through control of disturbance frequency and inten

sity, landscape morphometry, habitat availability, cross-scale functional rein forcement, within-scale func

tional diversity, Example is given of landscape morphometry that can let the ecosystem be more resilient

to flooding damage when one allows them to stay as they were formed by the floods,

Basic uncertainty emerging from nature is compounded by continuous and new sources of change crea

ted by soc'Iety's attempts to learn and manage, We need adaptive means to understand and imple

ment that f1exibly integrate theory and practice as we follow changes in nature and society,

Policies conceived and applied as solutions have tended to freeze our capacity to adapt our unders

tanding or our management aetivities, Policies should be formulated and applied as tests of hypotheses,

therefore management act'Ions become treatments in an experiment.

There is now a lot of experiences wh'lch have been made at d'Ifferent scales and levels, in different situa

tions, with different ranges of participatorylmplicaflons, The d'Iversity of experiments offers the oppor

tunity for everybody acting in the conseNat'ion of biodiversity and sustainable development to learn new

approaches, This is particularly true for those who have responsibilities at a globallevel.

As weil as the problems are dynamics, solutions must be,

1
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Valuation, economic issues

From an economy point of view, despite the difflculty to assess the value of biodiverslty, an attempt is

necessary to set priorities and design policies. Most approaches to the valuation of non-traded goods

and services are based on people's willingness to pay (WTP) and willingness to accept (WTA e.g., Pearce

and Turner, 1990 ; Costanza et al., 1997). Alternatives to this approach include the estimation of trade

offs with alternative activlbes which can be valued (for example what would be the opportunity cost of

conserving biodiversity in rather than commercial exploitation (Hambrey, 1996), and damage schedule

approaches (Knetsch, 1994; Chuenpagdee, 1996).

Most of decision makers do not want to place their objectives in the natural conservation agenda but the

natural management in thelr own agenda

There is a great risk when ecosystem analysis are on incomplete ecological understanding . Economic

valuation has the potential of highlighting this risk. The example given is the one of mangrove systems.

tv\angrove are one of the most productIVe aquatic ecosystems, as shows the flshermen density in the

mangroves which is higher than in any other fishery system. This underlined the Importance of the man

groves as a source of food and income. More than 50% of the world's mangroves have gone.

One of the many driving forces which leads to mangrove loss is under-valuation. Under appreclation of

the economic value of thlS ecosystem and the goods and services that it generates and supports. Two

main background forces drive this, the first onels the difficulty in assigning monetary value on these

goods and services. Some goods and services would be harvested outside of the physical boundary of

the mangrove. Many goods and services don't have a clear role or a c1ear value in the tradltional market

economy. The second force is the lack of ecological knowledge among valuators and decision makers

which is partly due to the lack of interest. But more importantls the inability among sc"lentists, biologists

as weil as ecologists, to communicate knowledge and findings and to quantify this information ln a way

that is comprehensible by social scientists, by valuators and decision makers, etc

Identify·lng mangrove support to fisheries needs to have a c1ear view of the function of mangrove. Many

flsh and shellflsh species utilize mangrove either as permanent or temporary habitat. An example of the

second ones are the peneids shrimps which immigrated into mangrove habitat as larvae, post larvae and

spend a few month in the mangrove system before to emigrate offshore in order to achieve their life

cycle. This last type of species is usually harvested in the nearshoreJoffshore areas. Valuators needs to

have a good knowledge on Iife history migrations of these species in arder to value the flshery support

from mangroves. One hectare of mangrove can support an average fishery of 162 kg of these shrimps

(figure p.36).

Ecological footprinting was introduced as a means of demonstrating the spatial influence of human actl

vities, whether at a large or small scale, on the surrounding environment. In this manner it may be pos

sible to illustrate the cast of supporting such activities. It aIso raises the difflcult concept of measuring the

value of biodiversity to humans.

It has been stated that an unbiased valuation of biodiversity should also include the possible negative

economic effects of biodiversity conservation.
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Ecological footprint of serni-intensive shrirnp pond farming

__1~~ [] ....~~-
Stirlmp

farrn' m2

Mangrove nursery 9.6-160 m2

INoK media

P-assimilation
4.8 m2

Mangrove
detritus 4.2 m2

N-assimilation
1.6 m2

m
L.2J

Mangrove
lagoon
7.2 m2

t
D

C02-sequestering

forest 08-25 m2

rueJAgricultural
ecosystems
0.5 m2

Marine
ecosystems
14.5 m2

(Kautsky et al., 1997)

1

1
1

1

1

1
1

1

1
1
1
1
1

Resource use practices

Adaptive management could be a suitable approach to the need of conservlng biodiverslty in the way

of a new exploitation scheme integrative of sustainability and long lasting resilience of natural resources

and ecosystem which shelters those resources. if one gets fNVay from the idea that there is only one solu

tion, only one reason why the system works as it does, then, one of the advantages of adaptive manage

ment is that one can come up wlth flVe maybe ten equally plausible hypotheses. There is not ONE solu

tion, but 4 or 5 for every problem. People do not like this complexity. Uncertainty and surprise are inevi

table, so structured leaming is a very useful way to winnow uncertainty. Adaptive management offers a

flexible framewor1< to understand and act in the face of uncertainty

Traditional knowledge

1
1
1
1

Keystone species are frequently socially selected, sacred, species in traditional societies. They are often

associated wlth sacred landscapes. The value of that iSln the linkage between the ecosystem and/or

landscape management and the society

Traditional management breaks do'Nfl because of population increase and breakage of traditional social

structures.

There are reasons to believe, on the basis of preliminary studies, that such an approach will glVe ample

rewards for effective management of mangrove ecosystems with developmental concems linked with

the traditional societies associated with them.

1
1
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Trad'Itionai societies tend to be much more holistic in their approach towards ecosystem/landscape

management, but for disruptions caused by outside pressures on nature and natural resources.

Participatory strategies

After a perlod when protected areas were conceived as " places without people" (Ieading to conflicts

between conservationists and local populations), the current trend is to allow human activity in protec

ted area ("Joint management", Schelhas & Shaw, 1995; Kothari et al., 1995). This refleets a new alliance

between conservationists and local communities against the urban-industrial economy, and a search for

a better balance among competlng interests.

There is a need for integration of the ecological and the social approach as both nature and society are

always changing. Socleties are part of the ecosystem they exploit, man are one of the numerous species

interacting in the global process of natural resource production.

Partlclpatory methods might meet suffer from two basic impediments First, they reflect a certain point of

view on nature, not necessanly shared. Second, the time scale of funding agencies 'IS not that of the local

population, and local involvement needs tlme (Lewis, 1996).

Can experlence drawn from success stories allow to set appropriate time schedules for co-management

projeets?

It is also noteworthy that quantifled evaluations in "successful stories" are particularly scarce desp'lte their

conSiderable interestln conv'lncing decision-makers. This aspect of case studies should be better pro

moted, for instance through a workshop focusing on such quantifled success stories

Education, capacity building and awareness

It is important to develop national curricula which integrate conservation and sustainable use of aquatic

resources 'Into ailleveis of education, and to ensure intemational sharing of knowledge and methods through

the Clearing House Mechanism and other appropriate mechanlsm, including among local communities.

Capacity building should be an important activity and should be taken up on priority basis and should

based on action-oriented research plan with participation of ail actors right from the planning phase.

The implementation of biodiversity management and monitoring programs, data collation and manage

ment, and linkage with sustainable development options and opportunities provides a major investment

in capacity and capability The latter was considered a major priority.

Specific statements in relation to training included linkage and relationship to local situations and pro

grams; difflculty of applying training when 'back-on-the-job'; provide technology transfer to local com

munities; provide technology transfer between technical seetors; assist the provision of 'in-country' trai

ning through well-equipped local institutions; provide training at sites appropriate to the trainees and the

ISSUes they will face in the future.

The involvement of local communities is often addressed on a 'top-down' basis, partly due to expe

diency, but that is only a short-term excuse. Greater direct linkage with local communities has been

encouraged under previous discussions, but not elaborated in most instances.
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Strategies to develop greater awareness by local communities could lead to 'biod'lVersity-technocrats'

receiving support for the hitherto eluslVe goal of establishlng and ma'lntaining a 'global' networ1< of long

term monitoring programs.

Legislation

Environmentallegislation as weil as underlying concepts are evolving quickly, therefore a future workshop

on this particular topic seems to be of major interest. It would also be 'In agreement with recommenda

tions of recent meetings on biodiversity (e.g.; Resolution VI1.7 of Ramsar COP7),

Main Emerging issues

What could one do in order to prov'lde for integrative landscape management involving community par

ticipation?

• Problem solving should involve multidlsciplinary approach within and between natural and social

sciences;

• Documenting traditional ecological knowledge both at process and systems levels with a view to uti

lizing it as one of the important basis for natural resource management strategy;

• Creation of appropriate institutional arrangements at different levels for ensuring community participa

tion and also for involving other stakeholders;

• Altemative pathways for land use development, which aims at strengthening intemal processes within

human-managed ecosystems, rather than that emphasizes upon extemal energy subsidies should be
exp lored,

• Integrate conservation and sustainable use of aquatic genetlc resources into educational curricula;

• Assign national institutional responsibilities for conservation and sustainable use of aquatic genetic

resources;

• Biosafety debate needs to be broadened to include alien aquatic species and genotypes not just

genetically modifled organisms;

• Develop policies and practices for sharing monetary and non-monetary benefits, e.g, for aquatlc gene

tic resources found outslde national jurisdictions;

• International liability provisions for damage to aquatic genetlc resources;

• Economic valuation of natural resource and ecological services has the potential to illuminate the value

of viable ecosystems; this may provide a financial incentlVe to their conservation and management;

• Capacity building should be an important activity and should be taken up on priority basis and should

based on action-oriented research plan with part'Icipation of ail actors right from the planning face;

• The destructive potential of any scale of natural resource exploitation should be carefully evaluated;

• ,v,ake sClentiflc information available to local communities to create environmental awareness and to

policy planners for action, in a language that they can understand and appreciate.
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Policy dimension of biodiversity conservation

ln the ultimate analysis, the objective is to develop strategies for sustainable Irvelihood concems of the

custod'lans of biodiversity as a short term strategy and a sustalnable development plan on a long-term

basis.

Long-tenn strategy

The emphasis should aim at evolving a loosely coupled landscape management strategy to reduce vu 1

nerability of ecosystems to uncertainties in the env'lronmentisociety that are inevitable. This approach

necessarily will have to be based upon a flexible, information sensitive, smaller-scale operations that

encourage heterogeneity that buffers the environmental ill-effects of human activity, both in space and

time. Such an approach should aim at integratlng conservation with sustainable development of the

region concemed.

Short-tenn strategy

Realizing that much of the biodiversity 'IS concentrated 'In the developlng tropical world, it becomes

necessary to have short objectives that are feasible in the context in which traditional societies operate

- social, economic and cultural dimensions - and the societal perceptions of biodiversity in this context.

Here traditional ecological knowledge and technologies have a role to play in providing an 'Incremental

pathway for sustainable livelihood where traditional societies, who have been the custodians of the bio

diversity. Such an approach could then contribute to the long-term strategy for a loosely-coupled land

scape management based on modem scientific inputs.
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METHODOLOGIES AND TOOLS TO MITIGATE ADVERSE CHANGE IN A

GLOBAL APPROACH Of BIODIVERSITY MANAGEMENT

There are many and varied techniques currently in use, being refined or developed. Many of the latter are

sophlsflcated and possibly expensive, but that does not mean that ail effective techniques are expensi

ve - soph'istication does not need to equate with expense.

Early Warning

Early Warning indicators can be defmed as 'the measurable blological, physical or chemical responses

to a particular stress, preceding the occurrence of potenflally significant adverse effects on the system of

interest' (Van Dam et al., 1999 ; Ramsar COP-7). An Early Waminglndicator is only useful if the informa

tion is used within a management process. It implies a precautionary approach and intervention before

harm occurs.

An Early Waming ind'Icator should be: anticipatory, sensiflve, broadly appl"lcable, correlated to actual

env'lronmental effects, timely and cost-effedlVe, regionally or nationally relevant, socially relevant, easy to

measure, constant in space and time and non-destructive (Noss 1990, Ramsar COP-7).

Three broad categories of Early Wamlng systems have been defined:

• Rapid response toxicity tests (Iaboratory toxicity bioassays)

• Field Early Warning tests (used to measure responses or patterns in the field; e.g.: in situ toxicity assess-

ment; phytoplankton monitoring; biomarkers from animais or plants collected in situ; ... )

• rapid assessments (example detalied 'In § 3).

These categories for detecting adverse change in relation to water pollution can be detailed as follows:

a, Raojd resoonse toxjcjty tests

• Laboratory-based toxicity assessments: It has been emph'asized that it was much preferable to use

local organisms, wh'lch is not usually the case because of the lack of sufficient taxonomy or ecological

knowledge. So, "imported species" are often used.

• Sensitive whole organisms responses (e,g, growth, reproduction),

• Rapid tum-around of results

• Predidlve tests (e,g, for setting safe dilutions),

• Ecological relevance of these test has not generally been shown and should always been checked.

b. Field Early Wamjng tests

• Field-based measurements,

• Sensitive sub-Iethal organism responses,

• Pre-emptive or preventative to avoid substantial impacts.

• Ecological relevance has not generally been shown,

c. Raojd assessments

• Can be standardized, rapid and cast-effective,

• Provide a 'flrst-pass' assessment of the ecological condition of a site

• Can be used to idenflfy 'hot-spots',
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• Output is coarse and generally only detects relatively severe impacts,

• Ecological relevance at the commun'Ity level is very high,

ln aquatic ecosystems, severa1taxa have been considered for purposes of Early Waming:

• Phytoplankton monitoring (spec'les composition and s'Ize assemblage sh'lfts) is considered as of parti

cu lar interest. Diatoms also seem to be relevant b'loind'lcators of water quality changes, but the profu

sion of quantification methods and indices and the lack of systematised protocols are an 'Impediment

to their generalization, Systematlcs in tropical environments might be another one,

• Macrophytes are effic'lent to detect eutrophication, organic pollution, and for long term monitoring,

However they do not meet the requirement of Early Warning indicators,

• Macro'lnvertebrates are a responsive tool for detection of environmental changes, but a major problem

lies in their systematics, This is particularly notlceable in tropical regions where macroinvertebrates spe

cies divers'Ity is huge and the ecological knowledge about species not as developed as requlred

• Fish are considered as an interesting tool as they integrate adverse effects of multiple stresses on other

components of aquatlc systems such as plankton and macro'lnvertebrates on wh'lch they depend, Over

the monitoring of diversity solely, that was proven to be insufflcient, the most prom ising tool is the

Index of Biologicallntegrity (lB 1), but mainly for freshwater stream communitles (see § 3),

To date the majority of Early Warning techn'Iques have been developed to assess the impacts of chemi

cals on aquatic ecosystems, but relevant ind'Icators for the other ecological changes still rema'in to be

developed, As a matter of fuct a genetic or toxicolog'lcal study at the ind'Iv'lduai level can be of interest

in terms of pollution threats; however it is not relevant for other threats such as channelization of streams,

mangrove deforestation or bycatch the impacts of which are felt at the population, community or eco

system level.

It has been emphasized during the workshop that Early Warning Systems have been mainly developed

for pollution but not or seldom for other threats like exotic species, Nothing really exists for Early Warning

Systems of habitat destruction which is also quite a difficult case, Time scales are very different accor

ding to the type of threats (days for pollution, years for habitat 1055).

It has also been reminded that Early Waming Systems provide an indication that there is a problem but

they do not solve the problem, Early Warnlngls only one aspect of a monitoring program,

Earty wamlng
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The Rarnsar Wetland Convention has adopted the

concept of 'Early Waming systems' and provided a

'wetland risk assessment' framework for their appli

cation. This emphasises a linkage to management

processes.

Following the Ramsar Convention the "Ecological

character of a wetland is the sum of the biological,

physical, and chemical components ofthe wetland

ecosystem, and their interactions which maintain

the wetland Ilnd its produets, functions, and attri

butes: and "Change in ecological character is the

impairment or imbalànce in any biological, physical,

or chemical components of the ecosystem, or in

their interactions which maintain the wetland and its

products, functions and attributes.·

M.FlnJayson

Wetland r1sk assessment

A frame'NOrk has been presented for assessing like-

/y change in wetlanclS using Early Waming indica- (Van Dam et dl" 19(9)

tors. It was underlined that wetland risk assessment

is based on the assumption that 'adverse change' ar 'harm' has been defined or agreed which is net ofteothe case.

The risk assessment framework contains 6 sequential steps:

1. Identification of the problem, including what is being orshould be protected.

- Chemical : describe the chemical and its effect, what is likely to happen.

- Invasive species : describe the species and its effect.

2. IdentificatiOh of the effects, determine the seriousness of the problem.

- Chemical :on-siteecotoxicologicaltests.

- Invasive species : on-site mapping and observations.

3. Identification of the extent : determine hO\lV far the problem couId spread.

- Chemical : rate of input and dispersioo into the environment.

- Invasive species : rate of spread and habitat preference.

4. Identification of the risk : integrate the previous information on a large scale through GIS and/or relational databases in arder to

shO\lV spatial aspects and linkages.

5. Risk management and reduction : decisions to manage the problem.

- Takes account of socio:economic, politîcal andtechnological factors.

_Who takes the responsibility, who does what?

6. Monitoring : verify the effectiveness of the management steps.

+tipothesis based : assumes that 'harm' has been defined.

-Provides Early Waming of adverse 'harm'.
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The figure (Adapted from Meybeck, 1994) shows the multiplic"ity of foci, approaches, factors, levels and

scales included within the concept of Early Waming and Iists the different steps to be considered when

implementing an Early Waming system. To make it operational each step requlres choices or opflons, often

dr'rven by the context. Furthermore, these options depend on the acuteness of the level of concem (moni

toring, speciflc studies or research). Last, they are d'Ifferent whether the water or the habitat is considered.
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Any Early Warning system 'IS only related to some of the possible combinaflons listed here. Given this

diversity, promotion of Early Waming systems necessarily requires contextualisation, and clear deflnition

of choices (In terms of concerns, objedrves, quality criteria and scales). From an applied po'lnt of view,

th'is makes the implementation of Early Warning systems a corollary of the identification of "hot spots".

Information f10w

Considerable progress in the field of 'Information flow comes from the Clear'ing House Mechanism and its
ach·levements. The a'lm is to facilitate the building of national capacity for b'lodiversity data management

and exchange, part'Icuiarly in develop'lng countr'les

When cons',dered from the bas'Is, severa1 questions arise from an overview of this topic:

• Assessment of available informaflon

Assess the cryptic existing information, particularly biological data (e.g. 'In South East Asia where sc'len

tiflc surveys have been led for years but whose results rema'ln unpublished)?

• Accessibility of the information

IPCC (Intergovernmental Panel on Climate Change) information networklS considered as a good example.

Some NGOs in Africa work to make local scientiflc paper journals or pubncations available on Intemet.

Last, considering Internet as a major communication tool is not relevant in most of developing countries

where connections are not possible yet or prohibitive. Altematives should be suggested, for 'Instance, CD

ROMs of e-documents (those available on Intemet) could be agood/realistic soluflon for isolated researchers
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The information flow is not only a scientific concem, but is also of importance to managers and decis'Ion

makers, However it can be noted that commun'Ication between operabng bodies 'IS often lacklng ("Each

agency acts as if it 'IS the only flower facing the sun" ), This may be due, among others, to a frequent div'l

sion of responsibilities between inland and marineJcoasta1 fisheries management bodies (e,g, for

Southeast Asia: World Bank 1991),

The BDM, (Biodiversity Data Management Project), a GEF funded project, was initiated by UNEP and the

World Conservation Monitoring Centre (WCM() to contribute to raise the profile of biod'lVersity informa

tion into the decision-making processes as requ'lred by the Convention on Biological Diversity ((BD),

Focusing on dev210plng countries andlnitially on the biod'lVersity data compiled in the country studies,

it aims to moblilze these data as a key instrument in building enhanced national capaclty for planning blo

diversity strategies and actions for conservation and sustainable use,

Integration of information

Advancesln GIS technology and applications can be applied to data collation and management, and

also resource management. Practical and applied examples are available and being used to provide

assessments and to formulate further questions, Such applied applications provide a justification for the

investment in GIS,

Steps that could contribute towards the development of aquatic database creation 'Include: regional

worl<shops to involve key stakeholders; global networl<s at a meta-data level; identification of 'ISSUes and

questions; identification of beneflciaries; clarification of processes and uses; creation of a sustainable

database; and elaboratlon and demonstration of applications,

The provision and adequacy of training in GIS operation and data colledlon was d'Iscussed, A balance

between the provision of GIS capacity and the capability to make effective use of this was also consi

dered, The latter incorporated concern over the processes belng driven by technological capability

rather than c1ear elaboration of priority needs,

Data integratlon and elaboratlon can assist with the clear identification of causes and effects, and enable

intelligent choices for monitoring, including Early Waming and long-term trend analyses, These are both

integral components of the 'management' process, but it is not always c1ear that the iterative mechanisms

between management agenc'Ies, researchers and the community are effedlVe,

Consideration has been given to methodological, technical and institutional implications of b'lodiversity

management based on the use of information systems, databases and georeferenced databases at regio

nal and global levels, At world and regional scales, species are represented by biogeographic zones,

large marine ecosystems, ecoregions, ichthyoregions, and by habitats, communitles, assemblages etc. at

smaller scale, Inventorying biodiversity means surveying, cataloguing, quantifying and mapping such enti

ties as weil as others such as genes, indlViduals, populations, The framework proposed for monitoring

biodiversity wou Id consist of inventories carried out over time and space, It is aiming at predicting the

behaviour of key variables and at 'Improving management through opt'lons analysis and Early Waming of

changes in biodiversity Data and information are therefore required, as weil as for identificabon of inter

actions between factors and for problems identification and solving,

Sustainable aquatic biodiversity is a concept which involves integrated and global approaches and

requires information technology tools for data management such as Information Systems (IS), RDBMS
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(Relational Databases Management Systems), üO-DBMS (Object-Oriented Databases Management

Systems), GIS (Geographicallnformation Systems) etc. Complex data ·,s the main feature of databases on

aquatic biodiversity ; they are composed bf b·lological and ecological data on living resources, aquatic

environment, surveys, economic activities, remoteIy sensed data, geo-referenced data at different scales,

qualitative and quantitative information, data imported from extemal sources, etc. Quantitafrve informa

tion is essenfla 1as it derives from the integration of measurements and observations which allows iden

tification of the nature, level and speed of changes ln biodiversity. For understanding inter-annual changes

and multi-annual trends, consistent long-term databases are therefore critical. Combining information on

aquatic b·lodiversity from different sectors and sources implies also association of data in meta-databases

which will allow to organize and maintain associated data for use in integrative tools and models on an

ecosystem framewor1<.

Regional databases on aquatic biodiversity should be created because of the broad scale of distribution

of aquatic species, populations, assemblages and resources. Exploited marine specieslresources are often

shared among countries and their management across geographical and political boundaries requires

regional or intemational bodies which mandate is to monitor the state of exploitation of the resources, the

• health • of the aquatic ecosystems and to provide management advises. Data and information are essen

tial for technical activ·lties e.g. development of GIS applications, of Early Waming systems, organization of

wor1<ing groups and training sessions etc., on subjects of regional and intemational concems.

Development of Information systems (IS) which would include regional databases and GIS components

on aquatic biodiversity is therefore needed. Such information systems would provide conceptual and

computational • tao1box' for storing, analyzing (e.g. multivariate statistical analysis) and viewlng biodi

verslty data. Information systems on aquatic biodiversity should be speciflcally designed to transform

satellite imagery, surveys and bioecological data into visual products (maps, charts, graphs, etc.) and sta

tistical products that will aid in monitoring and managing biod·lversity. Information systems and taols

should be defined at the early stage of the biodiversity conservation programme but questions and

issues raised by the end-users, with their own objectives and constraints, will provide guidance to theIr

development. The main users are research institutions and govemmental authorities, but in the broadest

sense information systems would enhance communication between researchers, decision-makers and

aquatic ecosystems users and provide quick access to information - e.g. through global networ1<ing

(meta-databases) - on the status of aquatic biodiversity at regional and global scales.

Attention was drawn on the many examples of misuses of GIS, especially when the quality of the ·Input

data in use is problematic. Furthermore, current softwares require lots of leamlng investment.

Mitigation of genetic impact

Two of the main genetic threats on wild fish populations come from ·Introduction of alien species and

from aquaculture. In the last case, that threats is could also be linked with transgenic fish.

Introduction of alien species can occur either accidentally, during transportation, trade ... , or intenflonal

Iy for pest control, from tropical pet fish impart, to improve productrvity in aquaculture. Alien species

contribute for almost 70% of the global fish production but significative ecosystemic effects of these

introductions have been recorded in only 11% of the cases. 65% of these cases led to established popu

lations.

.....•.••....•......•••... 45



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

•••••••••••••••••••••••••• International Workshop, 15-18 November 1999

Severa1possible genetics impacts can be recognized : Genetic erosion; Genetic contam ination; Genetic

deterioration. Reconciling biodiversity conservation Wlth aquaculture was presented in terms of steps to

prevent accidentai introductions or escape of fertile species to the environment. Current policies to pre

vent such cases utilize rlsk and cost benefit analyses, and national registers of introductions. But consi

deration for the beneflt may induced overlooking of the risk. More effective policy requires reproducti

ve and physical containment of alien species.

As most of the problems come from the risk of gene transfer when possible mating with transgen'Ic fish

exists, a range of technical solutions can be proposed:

- Reproductive segregation. Obviously the best way but difflcult to obtain when great number of trcJns-

genic fishes are produced.

- Physical confinement. Does not always prevent from accidentai escaping.

- Climatic incompatibility. Species who do not survive when escaping.

- Metabolic inadequacy. Fish require some nutriment not existing in the wild (but no transgenic flsh

exhibit such characteristic).

- Sterile transgenic hybr"lds.

Transgenic processes (gene transfer) could be used for erlVlronmental protection inciuding: transgenic

flsh to monitor for mutations; complement ecotoxicological phenotypic tests with genotypic tests; and

conserve domestic stock through vaccination developed by transgenesis.

Parks and reserves

General considerations

Today, proteeted areas are widely considered as an efficient tao1for preserving biodiversity, as weil as

productivity of certain zones. IUCN has defined different categories of protected areas corresponding to

increasing degree of human presence and intervention (IUCN 1994).

Jakarta mandate on marine and coastal biol09ical diversity

Pr09ramme eJement 3, on Marine and Coastal Protected Areas, is composed

of Iwo operational objectives:

- Operational objective 3.1: To facilitate research and monitoring activities

related ta the value and the effects af marine and coastal pratected areas ar

similarly restricted management areas an sustainable use afmarine and coas

tal living resourcesi

- Operatianal abjective 3.2: Ta develap criteria far the establishment af, and

far management aspects af, marine and coastal protected areas

The recent trend has been to combine conservation and development aspects, with regard to local com

mun'Ities' needs.

When implementing or developing a reserve system 'In a given country, severa1questions have to be

addressed: Objectives of the reserves; Number and size of reserves; Location; Practical design;

Temporary or pennanent protection; Social concems.
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Reserves to be implemented might have different and conflicting objectives:

- Ma"lntain blodiversity (species rlchness and/or target populations and/or genetic pool)

- Ma"lnta"ln the fundloning of a given system and/or ecological functions

- Ma"lnta"ln habitats and their natural dynam"lcs including perturbations (overflows, high tldes,""")

- Maintaln productivlty

Bohnsack (1996) listed the usual arguments in favour of Marine Fishery Reserves (MFRs) and documented

advantages of such reserves in a reef environment:

1
1
1
1
1
1

Argument Documented Advantages

MFRs increase the abundance (density) and
average size of exploited species inside them yes

MFRs protect biodiversity yes, species richness specially for species vulne
rable to fishing

MFRs maintain fishery sustainability probably

MFRs provide migrants to surrounding areas no direct evidence

MtKS ennance recunOlLY OIfT1CUI( (0 answer ln prlnClple, aqUal:IC reseNes
can seNe as protection against the directional
changes in genetic variability that can result From
traditional practises ..

MFRs export laNae to surroundlng areas probably but no direct evldence

MtKs genetlcalJy proteet stockS no direct test

MFRs provide biological reference areas permit to distinguish the effects of fishing From the
human impact

MFRs do not protect highly migratory species sornetimes resident in protected areas

1
An array detailing the relative interest of the different types of reserves can be of interest when deciding

to im plement a new one:

Socie/ies

Processes

Total score 9

proj eets

Ftlstoral ion

11

Zoo

Madified after Saulé 1992

Conservat ion s stem

reserves in wild areas

Exploit ed Conservat ion

parks

Prot eeled

Moderate interest

Low interes t

High interest

Targets

Wild rela/ives of dornes/ica/es

Non-economic gene/ic
varia! ion

Inter-speeies genetie variation

Ecos ste m

Loeal 0 ulations

1
1

1

1

1
1

1
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SLOSS: • Single Large reserve Or Several Small reserves" (?)

The question about the number/dimensions of reserves is controversial:

Determ'Ining optimum size and number of reserves requlres an understanding of the home range and

habitat requirements of the target species. The majority of fishes assoCiated with reefs are relatively

sedentary, remaining in a small area for most of their life. According to several studies (Brown, 1997 for

Asia, and Shepherd & Brown, 1993 for Australia) small reserve can protect signiflcant populations with a

minimum viable size between 1-3 km2. When colonization rates are high (species with high dispersal abi

lities), severa1small reserves seem to be also more efficient than a single one (Goodman, 1987). Although

a single reserve may not protect ail life stages of a species (i.e. coastal and estuarine species), other

authors suggested that large areas may be needed to protect more mobile species. Moreover, in small

areas genetic variability and vitality can be eroded by inbreeding and genetic drift (concept of minimum

viable population MVP).

The size of reserves also has a psychological dimension: apparently when more than 20% of a fishing

groundls being protected, local flshermen consider it as too restrictive to the'lr activity; when less than

10% 'IS protected, this does not seem to be significant to flshermen, and 10% seems to be a good com

prom'ise between restrictive access and consciousness of a protective measure (Kapetsky & Bartley,

1995).

Conserving small populations: Population and quantitative Genetics issues

The problem of conservlng small populations in fragmented habitats using quantitative population gene

tiCS was presented as an option. However, it needed further development to be established as an acti

ve conservation mechanism.

An overvlew of theoretlcal and empirical resultsln quantitative Genetics provldes some inslght into the

critical population size below which species begin to experience genetic problems that exacerbate the

risk of extinction. Populations that regularly conta in fewer than 100 reproductive individuals are extreme

Iy vulnerable to deleterious mutation accumulation. Security for long-term deleterious-mutation degra

dation requires a harmonic mean population size of at least 1,000 reproductive adults.

Current national and intemational policies are such that endangered species are usually only endowed

with formai protection after their total census number has dvvindled to severa1hundred or fewer indlVi

duals. Based on the aforementioned, such population sizes are two to three orders of magnitude below

the point at which the genetic integrlty of species begins to be at risk. Thus, on genetlc grounds alone,

there is a need for much higher standards in the protection of species

Sodal issues

When formulating or designing a new reserve, the social concems should be c1early formulated and

objectives set. This could imply a deepening of pr'lor sociologlcal and economic researches (What are

the resourcesiserv'lceslincomes expected to improve the welfare of local populations? How can they be

evaluated? What is expected "improvement", from local populations' point of view? .. )

Another concem is the soc'Io-poiiticai context in which a new reserve shall be implemented. Soulé

(1992) suggests the followlng framewor1<, open to discussion:

Last, privately owned protected areas may avoid many of the constraints and difficulties of govemment

run areas or those on communal lands. In some countries, such areas make a s'Ignificant and self-financlng
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POPULATION PRESSURE

1
1
1

contribution to the maintenance of some biologlcal resources and their diversity. According to a survey

conducted in 1993 [... ] of the 32 respondents, more than half reported making a profit (SBSTIA-4j Item

4.8 of the Provisional Agenda).

15 that trend significantlconvlncing enough to promote privately-owned reserves as an alternative to ins

titutional ones?

Restoration

Restoratlon has been deflned as" the retum of an ecosystem to a close approximation of its condition prior

to disturbance'. In restoration, ecological damage to the resource is repaired. Both the structure and the

functions of the ecosystem are recreated. The goal is to emulate a natural, function'Ing, self-regulating sys
tem that is integrated with the ecologicallandscape in vvhich it oceurs (National Research Cound, NRC).

Rehabilitation involves the repair - not the recreation - of damaged ecosystems, vvhile restoration usually

involves the reconstruction of a natural sem'I-natural ecosystem on degraded or modifled land (Caims,

1995; Le Floc'h & Aronson, 1995).

1
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1
1
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The goal of ecosystem restoration is to ful/y recover the species composition and ecological complexity

of the original ecosystem. Rehabilitation seeks primari/y to improve ecosystem function with on/y partial

recovery of species diversity and ecological complexity (Source, Bradshaw 1990).

Concluding remark

The discussions and presentations targeted impacts of effects on aquatic environments with little atten

tion to the underlying causes. The latter are general/y driven by socio-economic and political forces and

are often not addressed by biophysical scientists and their ilk. Yet, within this workshop we have appa

rent/y accepted that biodiversity conservation needs overt linking with sustainable use or development

This would seem to support efforts to joint/y consider causes and effects when addressing impacts

(change in ecological character as defined by the Ramsar Wetland Convention) on aquatic environments.
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ASSESSMENT OF STATUS, TRENDS AND EMERGING ISSUES

1
1
1

FIN A L ECOMMENDA IONS

1
1
1
1
1
1
1
1
1
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1
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Biodiversity status

Ali reference to Biodivers'Ity makes use of the CBD definition :

"Biological d"rvers'Ity" means the variability among living organ'Isms

from ail sources, includ"lng, inter alia, terrestrial, marine and other

aquatic ecosystems and the ecological complexes of which they
are part; this 'Includes diversity within spec"les, between species

and of ecosystems.

Convention on Biological D'rversity, Article 2

The followlng needs to be cons'Idered when operat"lonalizing the deflnition:

- need to 'Include the human d'Imension in the deflnition

- need of detailed deflnit"lons to operationalize it
- deflne biodiversity relatively to threats

Color short term
Italie : long term, strategie

C%r<md Italie: short and long term

Identification of less known areas and actions to be undertaken

Geographie "black holes"

Recommendations :

PrOVISion or maps or tables showlng poorly studled reg tons f regions wherelnformatlon IS not easlly
avallable 1regions where there exlsts a large ume gap ln Information retrJeval or gathenng
Bloreglonalizatlon Ce.g. Ichthyo--provJnces) should be consldered as a 001 for the assessment of blo

d'Iverslty The concept of large manne ecosystems (.lME) has slmllaritles with Ichtyo-provlnces establl

shed for ln land waters

- Collation of major cont"lnental and intemat"lonal bioregionalization schemes

.......................... 51
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Habitats

Recommendations :

- Refer to Ramsar recommendations

- Wetland habitats requiring priority attention due to a lack of information or the extent of degradation

include: seagrasses, coral reefs, salt marshes and coastal f1ats, mangroves, arid-zone wetlands, peat

lands rivers and streams

Species / populations / communities

Recommendations:

- Identify key species (from an ecological and/or social point of view) and the sensitivity of species,

with the help of population tumover and ecosystem anal'ySis, capacity for recovery as weIl as distri

bution ranges,

- Maintenance and development of ecological expertise.

Genetlcs

Recommendation :

- Promote studies to assess the genetic structure ofpopulations, to establish phylogenetic relationships

among taxa, and to reconstruct their phylogeographic histories.

Taxonomy

Problem :

- Decl'lning traditional taxonomie expert'Ise

Recommendat'lons :

- Reference to CBD recommendaflons

- Development of taxonomie expertise particularly in the early Iife-history stages of aquatic organisms

- InclUSion of raxonomlc aspects in new proJects from the beglnning

Threats

Recommendation :

lv1 integrated approach to study threats and their underlying causes should be encouraged, From a bio

ph'ySical as weIl as From a social point of view,

Trends and emerging issues

Problem:

- Global climate change, ozone depletion, habitat fragmentation degradation and loss, pollution,

over/misexplo"ltat'lon, compet'ltion by alien and 'invas'Ive species are major env'lronmental trends affec

t'lng the conservation of biodvers'Ity.

.......................... 52
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Recommendations :

- Studies shauld accaunt far the effects an biadiversity (includmg ecasystems and cammunitles) by

thase phenamena occurrins at large spatIal and temparal scales

. Olstinguish and quant/ft natural versus human-/nduced changes.

Threatened areas

Problems:

- Estuaries, lagoons, mangroves and coral reefs are among the most impacted ecosystems because of

close association with humans over long period.

- High levels af fish endemism in freshwater systems (compared to estua(lne and marine systems) requi

re special attention for conservation measures.

Recommendabons :

- Identification of threatened sites for targeted actlvitres and Institution of long term monitoring (eco·

systems)

- Creatian afa netwark af biadiversity sites representative af bia-resians and systems. Far example{ use

ancient lakes ta study ftsh speciatian (species f/ocks) - these systems alsa act as naturallabarataries.

AQUATIC BIODIVERSI1Y ASSESSMENT: STRATEGIES, METHODS AND TOOLS

Cansldenng the need far 1) data callectlon an aquatic biadiversity 2) data acquisition far aquatrc b 10

diversrty data bases creatian an regianal bases, further regianal warkshaps are recommended

"ffJese warkshaps 7) are alming atstrensthening studles an structunng and funetlanmg af aquatic eco

systems at dlfferent space and tlme scales (cammunlty structure, Ilfe-hJsrory traits) usmg mtegratlve/ana

IytIC tools/spatlal analyses (GIS, ) 2)shauld pravide the material far early warning systems and assess

ment blo /ndlcatars

Global methods

Problem:

- What 'IS meant by Early Waming Indrcators

Recommendation:

A new definilion of Early warnlng Indlcators IS suggested; the measurable biological, physlcal or che

mlcal responses ta a pa Icular stressor, precedlng the occurrence of potentlally slgnlflcant adverse

effects on the system of 'Interest (a" er Q.amsar COP-?). Relevant SOCIal factors should be taken Inta

ccount
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Rapid assessment, indicators

Recommendations :

Provlde Indlcators of short term (early warning), medium term and long term changes ta biodiversity.

B/omdicators from dif(erent leve/s (from species to ecosystems) should be used on a case by case

basis to Ident/fy trends and inform ec/s/on makers on the consequences of management options

- Fish, birds andmacroinvertebrates are recommended as sU/table bioindicatorgroups because oftarse

existins data sets ln some places, scientlfic know/edge, intematiOnal recosmtion as robust /ndicators

nd I/kelihood of research outputs bems used by managers

POLICY OPTIONS FOR A BETIER CONSERVATION OF AQUATIC BIODIVERSITY

Management

Policy must provide effective direction in conservlng biod'Iverslty desp'ite increasing uncertainty associa

ted with unpredictable changes in nature and society, Adapbve management offers a flexible means to

understand and manage the uncetaln dynamlcs of society and nature Resilience 'IS a useful concept for

examining ail factors, including biodiversity, that help ecosystems and society maintain their integrity,

Recommendations:

MultldisClpilnary approach wlthln and œtween natural and SOCial sCiences IS requlred rlght from the

beS'lnning of project formulation and Implernentatlon

- Use adapt/ve management ltVhere relevant as an interactive process Involvlns collaboration ofsClen

tlsts, NGOs, govemment agencles and local commumttes

Legal framework

Recom mendation

Ciear/y asslgn national responslb/lltles ror conservarton and sustamable use of aquatlc resources amang

nationallnst/tut/ons and agencies

8nng nat/onal leg/s/at/ons ln line w/th International -onventions re/ated to blodlVers/ty conservation and

5ustaible development

Valuation, economic issues

Problem:

To make rational choices among alternative uses of a given natural environment, it is important to iden

tify and value the natural resources and ecological services generated by that environment.

..............•.........•. 54
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Recommendations :

Develop appropriate tools and undertake economic valuations to illuminate the value of viable ecosys

tems and to provide financial incentives for conservation and management. This should be based on

thorough ecological knowledge of the systems studied.

Apart from economic efficiency, sustainability of human activities and a social fairness of revenue dis

tribution should constitute key cornponents of the economic analysis

Capacity building

Recom mendation :

- Assist in the development of national curricula which integrate conservation and sustainable use of

aquatic resources into ail levels of education.

- Increase the capacity to understand biodiversity and sustainable use ofaquatic resources through the

involvement of stakeholders and users in research and monitoring.

- AssiS transfer of best available and most appropflate tedmology trom the North to South coun les

by ln-country training schemes to evelop instltutional and human capacïrles.

- rramlng of local, nattonal and perhaps regional expertise (taxonorny, early ilfe-hisrory stages, )

- Enhancement of existing institutes/organisations in representativelcharismatic areas as regional centres

for study and conservation of biodiversity, and airning to gather and spread the existing information.

METHODOLOGIES AND TOOLS TO MITIGATE

Monitoring, indicators

Recommendation

Idenllfy and compare (he rnany ZXlstlng tec ,ni ues or mitigatIOn and those tIlar are belng testec or

eveloped (e.g ecologlcal footprrnt and ~J(lnsgenesls), and he anagement systems ro use hem

effectlVely

- The ecological footprint concept can be used to make ecological services comprehensible to lay people

and policy-makers by estimating the ecosystem area needed to support human activlty.

Data management and processing

Simllarit'Ies exist between terrestrial and marine ecology, which suggests that agenda of terrestrial bio

diversity assessment should be looked at.

Recommendations :

Make maximum use or exlS mg atabase <;y5tems n prornote the IlnKlng t ntorrnatlon system!> )11

the web through metadataoases

..•.......•.......•....... 55
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- Make full use of 50 far under-uttlised knowledge and mformat/on such as

1, Scientific collections

Museums, private collections, etc.

2, Grey literature

Reports from SUNey5, expeditions, etc.

Many pubncations in different languages

3, Traditional/ indigenous knowledge

4, Information subject to possible loss

Information flow, cooperations

Recommendations :

- Establlsh networl<. of institutions and museums regarding he scientlflc collection of speCimens as

weil as the maintenance 0 atabases

InternaDonal organ'lsatlOns are requested tOlnvestlgate the develoornent of datilbase directories

- Conslderseveral ways ta propagate the samelnformatlon (e.g CD-ROMs supplementlng Intemet)

- FaCilitatIon of access (0 enVironmentaJ ata an Info(matJOn

- International organizatrons re requested t.o asslst (he ca paCI ty of eveloplng countfles Institutions te

access an e ec Ively 'l1ake use of relevan datilbases

Protection and restoration measures

The use of aquatic protected areas is recognised as a major tool for conseNation of biodiversity and

sustainable use of aquatic resources

Recommendations :

An fJoaptlVe approadl that encourages the pamClpa ior ot 5ta 'eno/ders Jt ail levels and scales ;;hould

be explored as a tool for definit/on, management and momtollng of prorected areas

4, partJclpatory pproach involvms local communities should be a requ;rerr ent fol such reserves

A. stJlJCOJred InformatIon exchange should be se Jp witt Iln~ to existlng networ1<s and Instl tlons

- Protection is required over a range of temporal and spatial scales, to ensure the conservation or main

tenance of di(ferent areas critical for the various lite history stages for both sedentary and migratory

species

- Habitats representative of major bio-reg/ons should be promoted (see Ramsar definition)
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Status of riverine biodiversity and threats to them

E.K. A88AN

Water Research Institute (CSIR) - Accra, Ghana

Human societies have identifled structures, fundloning unlts and processes as constltuents

of our environment. Fortunately, 'It is also recognlsed that the interrelationships among the

components make up the functioning of our world. Thus a change in any com ponent is like

Iy to influence the environment to some extent. For example, water, one of the world's most

demended materials is produced by one of nature's most primary processes, technically

known as 'hydrological cycle' (Swaminathan, 1989). Swam'Inathan also indicated that fores

ted watersheds provide high quality water.

Water produced by hydrological cycles contribute to the water com ponent of various aqua

t'IC ecosystems 'Including rivers. Rivers also contain aquatic flora and fauna which constitute

their blolog'lcal diversity vvhich funcflon in the medium of the phYSlcal components. Thus the

maintenance of the diversity of flara and fauna and their produdrvity on a sustainable basis

is related to the status of the phys'Ica 1com ponent of rivers (Karr, 1999).

Different segments of society derive different benefits from rivers, thus, often, description of

a river as good or healthy depends on vvho makes the assessment. For example, for domes

tic water producers, a river is good and healthYlf enough pure or puriflable water is always

ava'liable and to commercial fishers, rivers are healthy if there are enough fln-flsh and shellfl

sh to harvest. It is therefore usual that river components of no d'Irect extractive va lue are tri

v·lal·,zed. However, to protect ail beneflts of rivers including their biological d'rversity, a broa

der defln 'Ition of river health is requ'lred - as prescribed by Senator ES Muskie (1972) as

contribution to the amendment of the 1972 US Water Polluflon Act (now called the Clean

Water Act, Section 101 (a) 1).

Recognition of biodiversity as basls for Iife on earth, including that of human had been recor

ded more fundamentally by McNeely et al. (1990). In spite of the recognition of the signifi

cance biodiverslty to human existence indicated above, acts of humans that constitute

threats to biodiversity are constantly bemg committed.

Espec'Ially in the developing world, threats to riverine biodiversity are enacted through the

following:

• Degradation and destrudlon of natural ecosystems structure and functioning (e.g. large

scale clearing and bumlng of forests of watersheds, damm'Ing of river systems).

• Channelling of riverbeds or river catchment area degradaflon.

• Activities related to destructive flshing practices.

• Draining and refilling of parts of Aoodplains.

• Overexploitation of aquatic resource(s) e.g. flsh .

• Industrialization further pollute the aquatic environment. Far example - urbanisation,

mining, and plantation developments.

Very often limited interest, lad of information and 'Ignorance of consequences of aets may be

the reasons for various acts of humans that constitute threats to river'lne biod'rversity. Society

could obtain 'Indicators of long-term changes ln blodi'versity structure and function'Ing through

either rapid assessment or mon'Itaring procedures. Of the two, monitoring is advocated.

.•..............••........ 1
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The role of Molecular Ecology in conserving populations

JEAN-FRANÇOIS AGNËSE

Molecular Genetics Department - National Museums of Kenya - Poo. Box 40658 Nairobi - Kenya
E-mail: agnese@critounrv-montpf2ofr

Molecular Ecology can be deflned broadly as the application of molecular genetic markers

to problems in Ecology and evolutlon, encompassing studies on the genetic relationships

amonglndividuals, population and species (Carvalho, 1998)0

Molecular Ecology thus descr"lbes an approach, rather than a dOlscipl"lne, and necessarily

incorporates experflses from diverse fields, but most notably from Molecular BOlology, popu

lation and quantitative Genetics, Ecology, historical Biogeography and Systematiceso

Some people argue that for most endangered populations we need to focus on their

Ecology and on the speclflcs of human threats (over exploitations, pollution etco), rather than

Geneticso ln other words, that we shou Id maOlnly be worrying about environmenta 1effects and

demographic stochasticity and less about diminishing genetic variability causing inbreed"lng

depressolon or lack of adaptability

This view is not correct °ln the long terrn and could be broadly correct lnthe short-terrno But,

if we consider that even °ln the short term, a pr"lneipal effect of most human adrvolty is increa

singly to fragment populations (XX), then questions about the genetic sub-structuring of the

resulting populations cannot be avo"ldedo Some human activities results alsa in populations

collapseo Such populations have small effective sizes and the genetic aspect of their conser

vation must be studiedo

Genetics input °ln Conservation Blology are numerous and some of them are briefly presen

ted: Population structure, Migration and gene flow, Introgression and hybfld zones, Species

°ldentlflcation, Systematics, Community diversityo Case histories from Fish like the Genetics and

Conservation of Salmonid, Conservation Genetics of Marine PelagOle FOlshes and Conservation

Genetics of North American desert Fish, illustrated the util"lty of Molecular Ecology to

Conservation BOlologyo

The problem of conserving small populations:

Population and quantitative Genetics issues

1) Maintenance of adaptative variation

Il) The minimum effective size of an adaptively secure population

III) Population Bottlenecks and deleterious genes

M Conclusion

.......................... 3



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

•••••••••••••••••••••••••• International Worksnop, 15-18 November 1999

Assessment of biodiversity, threats, trends and emerging issues: estuarine

ecosystems

STEPHEN J.-M. BLASER

CSIRO Nlarine Research, P.o. Box 120, Cleveland, Queensland 4163, Australia

Although estuar"les constitute a relatively small fraction of the earth's area, their economic

value 15 disproportionately high. A recent review gave estuaries the highest total economic

value per hectare. Desp·'te this, estuaries and associated coastal waters are among the most

modlfied and threatened of aquatic environments. Almost ail have been strongly affected by

man. M-any activifles including agriculture, industry and fishing together Wlth env·lronmental

modifications have a variety of impacts on estuar"lne biota. Species diversity is influenced by

the type of estuary (e.g. open, c1osed, coastal lake etc.) and its size, structure of the habitat

(e.g. mangroves), substrata, hydrological features (e.g. salinity, turbidity) and the nature of the

adjacent sea. Tropical estuaries have the h·lghest species diversity, but within broad zoogeo

graphic areas their faunas are similar. For instance, 66% of East African estuar"lne flsh species

occur in South East Asian estuar"les. For any one type of estuary, informabon exists to predict

the species composiflon of its flsh community under 'natural' conditions. Good information

also exists to be able to predict the effects of 1·lkely threats to dlfferent SpeCles. N1yassess

ment of the threats to biodiversity must take account of background trends, wnether 'natural'

or affected by man. The most significant of these are flrstly, global warmlng, resulting ·In sea

level changes, rising water temperatures and more storms; and secondly, human population

increase. The rapid increase ·In population is mostly in the troplcs and sub-tropics and is

concentrated on the coast, placing natural resources under increasing pressure. Threats ·Inclu

de the effects of industry, agriculture and flshing. Here, physical changes such as the

construction of dams, dredging and destruction of mangroves have profound long-term

effects. Likew·lse, effluents, including pesticides, hydrocarbons, trace metals and sewage

have bath long- and short-term effects. F·lsheries impact not only target species, but also non

target species (bycatch); they affect the nursery function of estuaries by removing spec·les,

by changing the physical habitat, and by altering water quality.

Selection of sites for studying threats to estuaries must include latitude, biogeograph·lcal

regions, types of estuar"les, their health status and nature of threats, and the use oflndicators.

Sites for wnich historical data sets exist are necessary, as weil as sites wnere remediation can

realistically be attempted. Fish are the most suitable indicators for the following reasons: (a)

scientific knowledge is greater than for other taxa; (b) large existing data sets; (c) quantitafl

ve SpeC·les composition and diversity from baseline and mod·lfied estuar"les in most reg·lons;

(d) intemaflonai recognition as a robust indicator; (e) their use as ·,ndicators allows assess

ment of the state of linkages between estuaries and bath freshwater and the sea; and (f) frsh

species diversity is relatively high and many species have speciflc environmental require

ments - hence good indicators. Fish species composiflon and diversity is a reflection of ove

rail health, affected by: water quality, habitat, substratum, vegetation, anthropogenic

·Influences, changes to flow pattems and flshing. It integrates many small effects and subtle

changes. The decision support for outputs is good because of community familiar"lty w·lth

fish, and knowledge possessed by resource managers. The high public interest in flsh also

ensures poliflca 1responses.

.•...•.....•..•.•••....•.. 4
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Toois for evaluating biodiversity in decision-making processes for conser

vation of fish species in the Neotropical Region

PAULO A. BuCI<uP
Qept, de Vertebrados, Museu Nacional/ UFRJ - Quinta da Boa Vista, 20940-040 Rio de Janeiro,
RJ, Brasil- f-mail: buckup@acd.ufrj.br

Knowledge about species divers'Ity and the'lr geographic distr'ibution is an essential precon

dition for sound decisions in efforts to conserve biod'lYersity, However, such knowledge 'IS

available only for very few groups of organisms, such as birds and large mammals, For most

aquatic animais living in freshwater there ',s very scanty informaflon about their distributions

and even their eX'lstence as individual species, Even this limited 'Information 'IS often unavai

lable for decis'Ion-makers involved with environmental conservation, Among vertebrates this

is particularly true for the tropical areas of the New World, which are biogeographically

encompassed by the Neotropical Region, While it is estimated that the South and Central

American freshwater ichthyofauna may total8,GOa species (Schaefer, 1998), less than 5,600

have been formally desdlbed (Var'i & Malabarba, 1998), Basic systematic research and

comprehensive fleldwork will ultimately fil 1 this knowledge gap, but a lot can be done to

enhance the efforts of the scienflflc and conservation commun'Ity by making available 'Infor·

mation on fish distributions on a large and multi-institutional scale, Because freshwater

flshes are restricted in the'ir geographic distr'ibutions by their historic association with par·

ticular river drainages, we cannot apply predidlYe models of distribut'lon based on env'l

ronmental factors, Instead, assessment of species richness and endemicity must rely on

biological data der'lYed from museum collections, as exempl'ified in a recent cross-disci

plinary study (Kress, 1998),

Intemet integration of museum collection databases is likely to provide the tools that will

s'Igniflcantly help reduce the gaps of knowledge about Neotropical species distributions, The

ex'lsting intemational network of scientiflC ichthyological collections ded'Icated to the

Neotropiçal Region offers a model of successful intemat'lonal cooperation 'In this particular

area, InitiaflYes such as the Inter-Inst'ltutional Database of Fish Biodivers'Ity in the Neotropics

NEODAT (hrtp:lfvw.lw,neodatorg) and the Brazilian Information System on Fish Biodiversity

(http://vw.lw,ufrj,br/museulvertebra/sibip,htm) are examples of successful cooperaflon that

have already amassed almost half a mill'Ion museum records of Neotropical fish samples on

the Internet On-line availabil'ity of these data now allovvs researchers to inventory available

samples in a few minutes, Traditionally, this step 'In the production of systematic work used to

consume severa1 months, Most importantly, the associated on-line mapp'ing tools allow for

v'lsuai inspection of sampled locality distribuflons, This is precisely the kind of information that

'IS often lacklng in projeets that aim to map prior'rt:ies for conservation of aquatic biodiversity,

Museum record databases are also an important tool in assess'Ing the conservation status of

threatened or endangered species, Such r'isk assessment is highly dependent on availability

of data on past distributions. Without such data, heavily impacted river drainages may be

misdiagnosed as speôes-poor areas (which presumably do not require spec'Ial attention),

when in fact they may be undersampled areas or areas that previously sustained h'lgh levels

of biodiversity and recently lost their ability to maintain viable populations of sens'Itive flshes,

.••....••......••...•.•••. 5



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

•••••••••••••••••••••••••• International Workshop, 15-18 November 1999

ln summary, comprehens'lVe programs for conservation of aquatic env'lronments should

encourage and support 'In'Itiatives to collect, improve and make available data from museum

colledlons. The current level of computerizatlon and cooperation among 'Institutlons holding

s'Ignificant Neotropical fish collect'lons represents an 'Ideal opportunity for develop'lng and

invest'Ing on an on-line 'Information system about fish d'lVersity in coastal streams of Central

and South America.
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Avoidance and mitigation of genetic impacts on wild fish populations and

measures for biodiversity conservation.

LORENZO COLOMBO

Department of Biology, University ofPadova, Viale G. Colombo 3,35121 Padova, Italy

The impressive acceleration recently imposed by man on the dynamics of severa 1 megapro

cesses (demographic growth, technolog'lcal 'Innovation, resource consumption, transport and

economy globalization) is prompting a shift in progress modelling and development program
ming ITom ecosystem domination towards sustainable ecosystem management 'In order to slow

dOWll, and eventually prevent, environmental degradation, biod'rver5'lty reduction and biore

source depletion. Aquatic ecosystems, however, are more diffk:ult to manage than terrestr'iai
ones oW'lng to their three-dimensional nature, remoteness and vastness, Hence, the level of

uncertainty about the effectiveness of altemative bioconservative management strateg'les is sfill
very high and much research is needed to improve their predictive capady.

The problem is that the t'ime for this upgrading is really running short because the threats
posed to aquaflc biodiversity by the main impact'Ing factors, namely fJsheries, 'Introduction

of alien species and aquaculture, in addiflon to pollution and habitat destruction, are being
rapidly magnWled by their recent or present rate of expansion. In the 19905, capture flsheries
w'lth their highly efficient sensing and seizing technologies have levelled off their global marI

ne catch of target plus non-target species at about 127 TgJyear, a hardly sustainable yield,
Introduction of alien species is already recognized as a major cause of biod'rversity 1055 on
land and may equally occur in aquatic ecosystems either accidentally, as a consequence of

travel and trade booming, or del'Iberately for pest biocontrol, tropical pet flsh export, or
'Improvement of aquaculture. 5ince the mid-1980s, aquaculture has more than trebled its
productions, reaching 34 Tg 'In 1996, andlS expected to double them again by the year 2020.

Debated issues ra'ised by the unrestrained prol'Iferation of aquaculture enterprises include the
'Impacts on biodiversity exerted by the occupation of inland and coastal waters, the use of
flsh meal and flsh oil 'In industrial feeds, the ecosystemic deter'ioration due to polluting

effluents, health problems related to the spread'Ing of aquat'ic pathogens and the discharge
of chemotherapeut'icals as weil as the dispersal of escapees belonging to al'Ien species, fer
t'ile interspec'iflc hybrids, selected strains or genetically modifled organisms,

Intemat'lonally approved codes of conduct for respons'Ible flSheries, sustainable aquaculture and

vigilance against exotic 'lrrvaders are be'lng translated into national codes of practice to cope with

the most serious impact; by means of risk assessment and follO'N-up studies, the setting up and
updating of databases, and the adoption of precautionary approaches and conservative regula

tions. Nevertheless, the proposed measures for asafer use of CUITent technobgies need te impro
ved bya sharper focus on genetic risks, such as genetic erosion (Ioss of genetic variability 'In wlld
populat'IOflS), genetic contaminat'lon (propagation of wild gene pools conta'ln'lng foreign genetic

material) and genetic deterioration (accumulation of defective alleles induced by mutagens throu
ghout generations), f.Aanagement pol'Icies should incorporate: monitoring of genetic variability 'In

populations that might be susceptible to greater genetic bsses; avoidlance of genet'Ic contamina

tion of wild flSh populations by demanding complete ster'i1'rty (Iack of gonadal development, fai
lure to produce fertile gametes or 'Inability to mate) for ail types of farmed fish capable of exerting

genetic impacts; and checking for chronic mutagenic effects by using tests that may include the

exposure of transgerüc fJsh bearing knovvn DNA sequences to be screened for damage,

.•••....•...•....••...•••• 7
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Marine biodiversity: a fisheries perspective

PHILIPPE CURY

IRD Research Associate - uer OCeanography Department - Rondebosch 7701 - South Africa

Extinction at sea can been v'lewed as anecdotal as onty few marine species have been recor

ded to have disappeared. A new synthesis (Roberts and Hawkins, 1999) presents some evi

dence for contemporary marine extinction's that shows that a real threat to marine diversity
exists. Characteristics that render marine species vulnerable to extirpation and extinction will

be presented. But the mostlmportant threats for fisheries and human acflvrfles related to the
exploltat'Ion of renewable mar'ine resaurces are certainty the eros'Ion oflntraspecific d'rversity

that can lead to lower long term sustainable catch, habitat destruct'Ion, and overexploitatian

such as fishing down the food web which can alter ecosystem functioning. Concepts that are
applied in terrestrial ecology (keystone species, redundancy., ,) and their usefulness for mari

ne ecology will be discussed, The raie of new management tools such as MPAs will be brie

fiy discussed as weil as the increasing pressure now in flsheries to abandon the criterion of
sustainabillty wh'lle ecosystem restoration should be considered as anew parad'Igm for fishe

r'ies management.

.......................... 8
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Framework and approaches for conservation of biodiversity and sustai

nable use of aquatic ecosystems

THANG Do CHI
UMR CNRS- UM Il 5556 • Ecosystèmes Lagunaires' - Université Iv10ntpellier Il - 34095
Montpellier Cedex 5 - France
Phone 33 4 6714 4760 / E-mail:dochi@crituniv-montp2.fr

A framewor1< is proposed to meet the need for conservation of biodiversity from genes to

ecosytems and for sustainable use of aquatic ecosystems, t-Nlnagement of aquatic b'lodiver

sity 'IS based on global and regional approaches with particular emphasis on threatened
coastal areas, The framework's goal should be to provide the scientiflc and technical infor

mat'lon to elaborate strategies and global/regional approaches of aquatic biodiversity, This

requires an understanding of the interact'Ions between biolo3Y, evolution of biodiversity and
ecosystems dynamics. The framework's main objectives should include:

l Prov'lsion of advanced, integrated approaches and tools for research on, and management

of, aquat'Ic biodiversity that will help in exploring and understanding the causes of changes
in b'lod'lVerslty and aid the communication,

l Definition and execut'Ion of cost-efflCient monitoring and research programmes,

l Training to 'Insure the continued development of this effort,
l Promotion of regional cooperation in research and support to aquatic biodiverslty moni-

toring and management.

Consideration is given to methodological, technical and 'Institutional implications of biodi

versity management based on the use of information systems, databases and georeferenced
databases at regional and global levels. At world and reg'lonal scales, species are represen
ted by biogeographic zones, large marine ecosystems, ecoregions, ichthyoregions, and by

habitats, communities, assemblages etc. at smaller scale. Inventorying biodiversity means sur
veying, cataloguing, quantifying and mapping such ent'lt'ies as weil as others such as genes,
individuals, populations. The framework proposed for monitoring biodiversity would consist

of inventories carried out over t'lme and space, It is alming at pred'lCting the behaviour of key
variables and at improving management through options analysis and early wam',ng of
changes in biodiversity, Data and information are therefore requlred, as weil as for identifica

tion of interactions between factors and for problems identification and solving,

Sustainable aquat'lc biodiversity 'IS a concept which involves integrated and global

approaches and requires information technology tools for data management such as
Information Systems (IS), RDBMS (Relational Databases Management Systems), OO-DBMS

(Object-Oriented Databases Management Systems), GIS (Geographicallnformat'Ion Systems)

etc. Complex data is the main feature of databases on aquatic biodiversity : they are com
posed of biolog'lcal and ecological data on liv'lng resourCe5, aquatic environment, surveys,

economic activites, remotely sensed data, georeferenced data at different scales, qualitative

and quantitat'lVe information, data imported from extemal sources, etc. Quantitative informa

tion is essent'lal as it derives from the integration of measurements and observat'ions which
allows identification of the nature, level and speed of changes in biodivers',ty, For understan

d"ng interannual changes and multiannual trends, consistent long-term databases are there..

fore critical, Combining information on aquatic biodiversity from different sectors and

••..•....•....•....•....•. 9
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sources implies aIso association of data in meta-databases vvhich will allow to organize and

ma'intain associated data for use ln integrafrve tools and models on an ecosystem framework,

Regional databases on aquatic blodiversity should be created because of the broad scale of

distribution of aquatic spec'Ies, populations, assemblages and resources, Explolted marine

speciesJresources are often shared among countries and the'lr management across geogra

phical and political boundaries requires regional or intemational bodies vvhich mandate is to

monitor the state of exploitation of the resources, the H health • of the aquaflc ecosystems and

to provide management ac:lv"lces, Data and information are essential for technical activities

e,g, development of GIS applications, of early warning systems, organization of working

groups and training sessions etc., on subjeets of regional and intemational concems,

Development of 'Information systems (IS) vvhich would include regional databases and GIS

components on aquatic biodrversity 'IS therefore needed. Such information systems wou Id

provide conceptual and computational • tool box' for storing, analyzing (e,g, mulfrvariate

statistical analys'Is) and viewing biodiversity data. Information systems on aquatic biod'rversi

ty should be speCifically designed to transform satellite imagery, surveys and bioecological

data into visual products (maps, charts, graphs, etc.) and statistical produets that will aid 'In

monitoring and manag'lng biod'rversity. Information systems and tools should be defined at

the early stage of the biod'rversity conservation programme but questions and Issues raised

by the end-users, with their own objectives and constra'ints, will provide guidance to the'lr

development. The main users are research institutions and governmental author'ities, but 'In

the broadest sense information systems would enhance communicaflon between resear

chers, decision-makers and aquatic ecosystems users and prov'lde quick access tOlnforma

tion - e.g. through global network'ing (meta-databases) - on the status of aquatic biodrvers'I

ty at regional and global scales.

Regional and intemaflonal collaboration are part of the framevvork envisaged. To insure the

continued development, maintenance and use of 'Information technology tools for conserva

tion and management of aquatic biodrversity, short-term versus long-term constraints and

benefits of such an approach were analyzed, They should be taken into accountln pro

grammes proposais and 'Implementation as weil as the related institutional aspects, human

resources needs and train'Ing requirements.
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Early warning systems for detecting adverse change in wetlands

CM FINlAYSON

Environmental Research Institute of the Supervising Scientist - Jabiru, NT 0886, Australia
E-mail: maxf@eriss.erin.gov.au

Earlywam'Ing systems are seemingly an attractive option for wetland policy makers and mana

gers, However, in many instBnces they have not been weil used or shown to be useful, This

has occurred for a number of reasons, including the absence of a rigid framework for Imple

menting approprlate indicators or tests, Thus, a wetland r'isk assessment framework 'IS pre

sented as a basis for applying early warn 'Ing systems for wetland management. The risk assess

ment framework conta'ins six steps:

• Identification of the problem

• Identification of the effects

• Identification of the extent of exposure

• Identification of the risk

• Risk managementlreducflon

• Mon itoring

Early wam'Ing systems suitable for detecting water pollution in wetlands are described under

the general headings of rapid response toxicity tests, field early waming tests, and rapid

assessments, ln deal'rng with these tests the issue of ecological relevance is ra'ised 'In relation

to the possible warn'Ing that can be prov'lded by the test. This 'IS parflcularly relevant for s'rtes

of high ecological value, e,g, those listed as intematlonally important, or those that provide

many functlons and beneflts for people,

..................•.•..... 12
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Aquatic biodiversity assessment in coastal and in land water ecosystems

MENACHEM GORfN

Department of Zoology, Tel Aviv Universitx 69978 Tel Aviv, Israel

A gaod assessment of the biodiverslty in an aquatic system is a prerequis"lte for any attempt

to properly conserve or exploit the ecosystem"

Understanding of the theoreflca 1and practical aspects w1lich affect b"lodiversity is an impor

tant tool in assess"lng it in any ecosystem"

B"lodiversity in an ecosystems is the end product of an evolutionary process that involves b"lo

fiC and abiotic environmental factors" The comparative analysis of known aquatic systems
enables us to idenflfy various parameters w1lich can help us in assessing the b"lod"rvers"lty of
paorly known systems" B"lodiversity "In "In land watersheds usually reflects the size of the sys

tem, complexity (structural and biotic), and its latitude" ln coastal systems an additional para

meter is the biogeographic region"

Prior to any further investment in studYlng or assessing biodivers"lty in aquatic systems it is

essential to determine the state of art of the knowledge of aquatic biod"rvers"lty" Compilation

of the huge amount of information, often dissem"lnated in many scientiflc papers, databases,
museums collections, theses, reports and unpublished information accumulated by scientists
can provide us wlth an important taol for mapping the gaps in our knowledge and for selec

ting pr"lorities"

Such a project will establ"lsh, for each aquabc taxonomic group, the number of species, gene
ra and famil"les known and est"lmated - worldwide, for each confinent and for each watershed
or coastal system" The project will also identify the relevant sources of information and will

prov"lde a directory of information sources such as literature, institutions, websites, etc.

Analysis of the informaflon obtained from the project .determination of the state of the art-,
can assist the quick assessment of biodiversity in most aquatic systems on the basis of par

tial knowledge and extrapolation" It is poSSible to prepare a good assessment of the b"lodi
versity "In an ecosystem by synthesizing the follow"lng: partial data of the species stock, data

of higher systematic levels, astudy of key groups, comparisons wlth sim"llar and better known
ecosystems, indicator groups and general biogeograph"lcal knowledge and theories"

The availab"II"lty of experts for the var"lous taxonomic groups is a very "Important factor w1lich

should not be ignored w1len planlng a strategy for regional or global aquaflc biodiversity

assessment. Train"lng of young taxonomists should be part of the capaclty building ln unde
veloped countr"les" ln many projects the shortage of taxonomlsts for the various groups often

presents a severe obstacle for both laboratory research and field sampling" The employment

of non-expert scienflsts for these purposes makes the obtained information unreliable and
consequently can lead the decision maker to the wrong decisions"

Selecting priorities is an important element in any strategy planned for global or regional

aquatic biodiversity assessment. Such decisions have to be made cons"ldering the frag"i1ity,

sensitiv",ty and expected threats to the var"lous aquatic systems" Most "In land water systems in

the world are far more fragile and threatened than most coastal systems"

.......................... 13
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Reducing the negative biodiversity impacts of fisheries and improving the

management of west-african coastal wetlands

OLIVIER HAMERlYNCK, PHILIPPE Tous, JEANWORIIAS, MAnHIEU DUCROCQ

UICN - BP 4167 - Nouakchott - Islamic Republic of t'v1auritania

Some wonying trends affecting the biod'lVers'lty and producflVity in the west-african coastal

wetlands are 'ldentWled, especially those related to the uncontrolled development of so-cal

led small-scale or artisanal fisheries. PositIVe experiences in participative resource manage

ment and ecosystem restoration are highlighted. The 'Important role of protected areas both

for conservation and for development of sustainable exploitation systems is emphasised.

Information 'IS proy'lded on the status of some of the biodiversity and productivity hotspots

on the West-African coast between Nouadh'lbou and Guinea Bissau. Prominence 'IS given to

s',tes on the Mauritanian coast but where appropriate reg'lonal links are h·lghllghted. A num

ber of tough conclusions are presented.

.......................... 14
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Biodiversity Status and Threats on Demersal Fish Communities in

Continental Shelf Waters of the Gulf of Guinea

KWAME A. KORANTENG

Iv1arine Fisheries Research Division - P.o. Box BT-62, Tema, Ghana
Email;kwamei<.@africaonline.com.sh

The Gulf of Guinea is that part of west Africa w'lth maritime waters deflned by the Guinea

Current Large Marine Ecosystem which extends from Bissagos Island 'In the north to Cape

Lopez in the south. The living marine resources of the area depend on the upwelling of cold,

nutrient r"lch, sub-thermocline water which occurs seasonally 'In the area and dr"rves the bio

logy of the shelf waters, near-shore processes l',ke river discharge and contribution of

nutr'lents from estuarine and lagoon ecosystems.

Since the late 19605, there have been changes in the distribuflon and abundance of impor

tant fishery resources in this ecosystem. These include decline of sardinelias (Sardinella auri
ta), proliferation of triggerflsh (Bal"istes capriscus), 'Increase of cuttlefish (Sepia sp.) and

recently, occurrence in huge quantities of a bivalve (Chlamys opercularis) ln survey hauls. The

relative importance of major spec'Ies changed in e:very trawl survey conducted in the area.

Balistes capriscus dominated the ecosystem for nearly 20 years. Studies of flsh communities

have shoVv'll that some of these changes may be due to changes 'In the structure of the flsh

community.

From surveys conducted in the region, 'It is apparent that generally the six assemblages des

cribed below are present on the shelf and inner slope of the region (Longhurst, 1969).

1. Sciaenid assemblage in shallow-waters and close to estuaries; sometimes very extensive

e.g. off Côte d'Ivoire, east of Ghana, Niger"la and Togo-Benin. The 'Important species of the

group are of the families Brachydeuterus, Galeoides, Pseudotolithus and Arius.

2. Lutjanid assemblage with specles of the families including Lethrinus, Lutjanus and

Acanthurus, sometimes very prominent e.g. off Liberia or close to shore e.g. off Togo

Benin, or altemating with Sciaenid assemblage along shore; e.g. off Cameroon.

3. Sparid assemblages (shallow and deep elements) with species of the famll"les Dentex,

Pagelus, Bal'Istes, Pseudupeneus, Ep'lnephelus, Lagocephalus, and

4. Deep Shelf and Siope assemblages (Peristedion, Chlorophthalmus, Epigonus, Triglidae).

ln th'IS contribuflon, the structure of demersal species assemblages 'In the Gulf of Guinea are

re-examined in order to contr'lbute to the debate on the subject by throw',ng light on the

dynam',cs of the assemblages during the last three decades. In addition, the study also seeks

ta isolate the factors that determine flsh communlty structure in the study area and to assess

the effects of environmental parameters on the structure and dynamics of the assemblages.

Using Two-way Ind"lcator Analysis (TWIA) and Detrended Correspondence Analysis (DCA) 'It

is shoVv'll that communlty structure is determined pr"lmarily by depth and type of sediment

on the seabed and the dynamics of the assemblages are influenced by physico-chemical

parameters of the water masses, which are periodically modified by the seasonal coastal

upwelling that occurs in the study area. Changes in the status of the 'Identified assemblages

.......................... 15
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over a 25-year time period are examined in relation to observed changes in the marine envl

ronment (Koranteng and McGlade 1998)" The analyses, including exam"lnat"ion of pattems of
diversity and spec"les r"lchness indices, show that temporal environmental changes (ma"lnly
natural) would lead to temporal changes "In spec"les assemblages wt1ilst permanent change

(e"g. habitat aIteration or habitat loss) would lead to long-term or permanent change "In spe
cies assemblages (Koranteng, 1998). Thus it appears that the ·Increased ·lndustr"lal trawl·lng ·In

ccastal waters and environmental forc·lng appear to have singly or conjo"lntly influenced the

observed changes in the composition and relative importance of species in the assemblages.

Therefore, irresponsible flshing operations that lead to habitat alteration, and effects of other
anthropogenic activities nke 0"11 exploration pose a threat to biodiverslty in the Gu If of Guinea.

Uterature Clted

Koranteng KA 1998. The impacts of environmental forcing on the dynamics of demersal

fishery resources of Ghana. PhD Thes·IS, University of Warwick, 377 pp"

Koranteng KA and McGlade lM. 1998. Physical and chemical changes in continental shelf
waters of the Gulf of GU"lnea and possible "Impact on resource varlabliity. Paper presented at
the workshop on Susta"lnable Management of Fishery Resources in the Gulf of GU·lnea, Accra,

Ghana, Sept. 1998 (in press).

Longhurst A.R. 1969. Species assemblages in trop"lcal demersal flsherles. In Proceedngs of
the symposium on the oeeanography and fisheries resources of the tropical Atlantic. Results

of ICiTA and GTS, Abidjan, Ivory Coast, 20-28 October 1966, p 147-168" UNESCO
Publ"lcations, Par"ls
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Biodiversity of Lagoon and Reef fish of the Pacifie Region: status an threats

MICHEL KULBICKI

IRD - Nouméa - B,P. AS - 98848 - Nouméa - New Caledonia

The Pac',flc is probably the region where flsh diversity is the highest. At the moment there are

approx'lmately 4 800 reef and lagoon species recorded 'In this area and the total number of

these species 'IS certalnlywell over 5 000. These fish are distributed among 158 families, but

10 families make more than 30% of the total and one famlly, the Gobïldae, makes more than

12% by itself. The Pacific reef and lagoon flsh fauna shares many species with the Ind'Ian

Ocean since nearly two thirds of the species of the Indian Ocean are also known from the

Pacifie. On the Oppos'Ite, very lirtle is shared with the Atlantie. Endemism is very d'Ifficult to

assess as the fish fauna of many islands 'In the Pac'Ific is poorly known. However, «local

endemism is very low, with the exception of Hawaïl, seldom exceeding 5%. «Regional

endemism is probably much higher, as there are severa 1 faunist'Ic regions in the Pacifie.

Species richness (species / unit area) is a good indicator of d'lVersity, Density and biomass of

reef fish 'Increase with species richness. Species richnessls Ilnked to local factors (coral

cover, substratum, depth .. ,) and regional factors (island size, island type, b'logeographical

reg'lon .. ,). The type of relationshlp between species richness and local factors may vary

greatly between regions, On the opposite, the organization of the fish assemblages (trophic

structure, size, mobility, behav'lor.. ,)IS strongly dependent on local conditions, usually more

50 than on regional factors, Pacific reef and lagoon fishes are submitted to a number of threats

which can be d'lVided 'Into four major components : hab'ltat destrudlon, polluflon, fishlng

and miscellaneous factors. Demographic 'Increase is at the base ofall the changes observed,

Habitat destruction is mainly caused by destructive fishing (cyanide, explosives, trawling),

changes in the coastal areas (mangrove and wet land drainage, coral gr'inding, dredging,. ,),

siltation due to bad land uses, and major ecological changes such as Acanthaster outbreaks

or urchins proliferation 's, As a large part of reef and lagoon fish are terr'itoriai or sedentary,

such changes may have major 'Impacts on the local divers'Ity and consequently fish produc

fion. Pollution is probably the second major concem for fish diversity (industrial and city

wastes, mining, forestry, agr'iculture and aquaculture). Other threats such as increased flshing,

changes in flshing gear, global warm'Ing or introduction of foreign species are probably not

as important at the moment. A sh'ift 'IS currently occurr'ing in the quality of the catch (more

herbivores and plankton feeders, smaller SpeC'les) wh'lch can be related to a degradation 'In

environmental conditions and increased fishing pressure, However, the probabll'Ity of ext'Inc

tion of reef or lagoon fish is certainly much lower than in terrestrial systems because most

species have a wide distribution. Fish is a fundamental part of Pacifie cultures and the pre

servation of species diversity on reefs and lagoons 'IS v'ltai to most of the island countr'ies in

the Pacifie. These countr'ies however have major problems in facing the changes ln thelr envl

ronment because they do not have the fina nc'ta 1 and human capac'ities to do 50.

.......................... 17
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Aquatic biodiversity assessment: strategies, methods and tools.

The example of the West African lagoons

RAYMOND lA!:
IRD, B.P, 70, 29280 Plouzané, France

Limits of class'Ical management of living resources by species or species group, is now ack

nowledged by the scienflflc community. For example, the current approach for flsheries

management is based upon the ublisabon of global, analytic and stock - recruitment models

or even more empirical relationships between biotic and non biotic parameters, These

models have proven to be difflcult to apply and do not give attention to broader ecosystem

aspects, There 'IS no gett'Ing awcy from the ecosystem scale for tak'ing in account natural and

anthropogenetic 'Impacts on fish communities. Th'IS approach was developed in the West

African lagoons where the factors affecting yields are studied through the stability, SpeCles com

pos'ltion and size structure of the yields at high and bw flShing intensities. Heavy fishing is folio

wed by the devebpment of a plateau phase resulting from a reorganisatiOll of species assem

bly, ln such astate, explo'ltation produces only a few dom'Inant spec'les for wh'lch average catch

lengths are small, wh'lch are generally herbivorous and exh'b'lt a continuous reproductiOll with

sometimes a bwering of first sexual matur'lty, which permits them a faster tumover.

From th'IS example, 'It is possible to define biological indicators of stress taking in account the

dynamics of species and the 'Interspecific relaflOllships where the role of b'lod'rvers'ltyls exami

ned witT1 hypothesises 0Il the "bottom-up' COlltro1or the 'top dovvn' control and where the

impact of environmental pressure on the variab'llity and res'I!'lence of fish stocks is approached.

More genera1 Iy, aquatic biod'rversity assessment would be based on 'Indices allowing to

quantify the health and integrity of an ecosystem, These indices br'ing together environmen

tal indices and habitat structure; ecological ind'Ices with references to diversity and funct'Io
n',ng 'Indices, size spectra and trophic levels.

.......................... 18
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Assesment of biodiversity status and threats. The example of c1imatic and

anthropogenetic effects on fish diversity and fish yield in the Central Delta

of the Niger River

RAYMOND W
IRD, B.P. 70,29280 Plouzané, France

For last 20 years, the fish communifles in the Central Delta of the N'lger r"rver have been sub

jected to: CI) two drought per"lods in 1973 and 1984, CI0 a dramatic 'Increase of flshlng and,
(iii) the build'Ing of an electric-power dam in 1984. At d'Ifferent levels, these various factors

modifled the biological cycle of the flsh which are adapted to the former hydrological cycles

of the Niger and the Bani rivers. The Sahelian drought is respons'Ibie for a decrease in both
flood duration and of the inundated area of flood plain which var"les from 20 000 km2 to

S 000 km2. From 1968 to 1989, fish landings declined from 90000 metr"lc tons to 450 000

metric tons. During the same period, as fish catches fell, yields per hectare 'Increased trom
40 kg in 1968 to 120 kg in 1989. This phenomenon is Iinked to the decrease of the average
age of the fish (69% of flsh catches are under one year old) in response to the 'Increased

fishing mortality and natural mortal'Ity which is higher during the drought period. The 'Increa
se 'In fish productivrty is characterized by a depletion of species such as Gymnarehus niloti
eus, Polypterus senesalus, Gnathonemus niger, whose reproduction are linked to the ftood

plains and of species like Citharinus citharus and Clarotes laticeps which visit frequently flco
ded areas. Concurrently, families such as the Cichlidae or Clar"lidae, which are resistant to low
oxygen concentration, ·Increase. Spedes which are under one year old at first reproduction

and have severa1spawning periods per year, are the more abundant in fish communifles.

....•...........•.....•... 19
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5ummary of the introduction paper

CHRISTIAN LMoUE

Programme Environnement, Vie et Sociétés - 1place Aristide Briand - 92195 Meudon cedex
E-mail: Christian.Leveque@cnrs-bellevue.fr

Biodiversity 'IS defined 'In CBD as "the var'labd'lty among living organ'Isms from ail sources 'Inclu

ding, inter alia, terrestrial, marine, and other aquatic ecosystems and the ecological com
plexes of wh',ch they are part; th'IS includes d'rvers'Ity with'ln species, between species and of
ecosystems, Thus, three hierarchical levels are currently accepted to descr'ibe b'lodiversity :
the genetic, the specific and the ecosystem levels, Actually biological diversity is a dynam'Ic
process; biodiversity is the result of changes and interactions between the d'Ifferent levels,

However, biodivers',ty is not only a biolog'lcal or ecological issue, It 'IS also clearly a social
Issue, the interaction between human soc'lety and b'lological diversity, The question of bio

diversity has been raised because of the human 'Influences on biodivers'rty: poverty and envi
ronmental degradation, human/nature relationships, human population, growth and needs,
trade, etc. The future of b'lodiverslty depends on the management

Inland waters biodlverslty and threats

Inland waters are true islands for severa1animal groups including fish, macrocrustacea, mol
luses, etc. As aconsequences, there is a high level of endemicity, populations are genetical
Iy isolated and Spec'Ies richness 'IS the result of a dynamic equilibr'lum,

The present state of aquat'lc biodivers'Ity 'In a drmat'Ic and geomorphological framework, is
the result of past environmental changes that resulted in speciation and evolution, The future
relies on global changes but also on human impacts at a regional or local scale: habitat
changes, pollutions, Invasive species, overexploitation of natural resources,

Status of biodiversity

Assessment of tfJreats and trend

We have to deal with
- spatial and temporal variability

- complexity of interact'lons
To assess threats and trends we have to use
l Indicators of long term, medium term, short terms (early warning) changes
l Indicators of environmental changes in distribution, structure, functioning
l Indicators of socio-econom'Ic changes
f'.Aore generally, indicators are:

- part of a monitoring programme to assess :
state of the ecosystem (diagnosis)
trends in changes (degradation or rehabilitation)

- a major taol for decision makers to assess the consequences of management options
- they should be integrative and representative, costless and easy to manage.

Information flow

A lot of 'Informations is stored in museums (Europe, N. Amer'lca) andin papers published or
not but not of easy access. A lot of local knowledge exist but unknown (not written),

..•••..•....•............. 20
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H'lgh pr'iority should be given to knowledge availab',l'lty and flow:

- mobilize data as a key instrument for biodiversity strategies
-data base networks (Clearing House Mechan'Isms)

Conservation

Habitat

Fish stocks are highly variable and stock s'Ize is often driven more by environmental changes

than by explo'ltation Fishing alter not only target species but also the ecosystems through
d'Irect and 'Indirect effects (trophlc cascades)

Conservation of species =conservation of their habitat

- Aquatic reserves as a conservation tool?
- Are aquatic reserves strategic tools in conservation?

- No-take reserves can improve fisher'ies management
- protection of sedentary spec'les (K-strateg'lsts)

- protection of spawning S'ites and juvenile flsh nurser'ies
- protection of hab'ltat and blota (damage caused by trawls to sea bottom .. )

However:
- constrained by changes occurring in their environment (pollution, exot'lc spec'les, water

abstraction)
- l'ittie expertise for open water systems or rivers

- Conservation strategies
They should promote bath :

Ecosystem level approach

Precautlonary principle
Adaptive management

Traditional knowledge
Protected areas
Training

Regulation

- A few questions in relation with conservation:
- who 'IS 'In charge of conservation ?
- who w'i11 pay for ?

- Who will controllt?

Moreover:

- are decision makers w'llling to use sc'lent'lflc results?
- are scientists 'In a posit'lon to give operational advises?

Conclusion

Pr'iorities ?

- mobilisation of informations already available ;Informat'lon flow and accessibility,
Clearing house mechanisms

- Training capacity build'Ing, intematlonal and regional co-operative l'inks ?

- 'Identlfy S'ites for targeted activities : network of biodiversity sites (pilot Sites)

- promote a "system approach" for conservation (ecosystems and sociosystems)

- select or develop standard methods for assessments and com parisons,

.......................... 21
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Ancient lakes fish species flocks : a priority for conservation

CHRISTIAN LMoUE

Pr09ramme Environnement, Vie et Sociétés - 1place Aristide Briand - 92195 Meudon cedex
E-mail: Christian.Leveque@cnrs-bellevue.fr

About a dozen lakes in the world are up to three order of magnitude older than most others,

Such lakes which may be called Dlong-lived lakes' (some of them between 20 and 30 mill'Ion

of years) may have d'Ifferent origins, sizes and shapes, butin contrast to short-lived lakes

(most of them being post-glacial lakes), they have exceptionnally h'lgh faunal diversity and

levels of endemicity, including some of the most spectacular species-flocks among fishes,

The longevity of ancient lakes may explain their un'Ique endemic evolutionary radiations,

However, longevity does'nt means stability and most of anc'Ient lakes exhibited dramatic

changes during their history,

The processes accounting for these rad'iations are a matter of debate among scient'ists, but

there are more and more evidence that sympatric speciation may occur in isolated waterbo

dies. These species-flocks are sometimes considered to be a world her'itage wtlich is endan

gered and has to be preseNe from destruction by human act'Nities such as overfishing or

introductions of aquatic species.

An important character'istic of anc'Ient lakes biod'Iversity 'iS the existence of" species-flocks ",

An aggregate of severa 1species should be identifled as a f10ck only if its members are ende

mic to the geograph'lcally circumscribed area under consideration and are each others' cio

sest living relat'Nes,

Accord'lng to our present knowledge, there is a cichlid species flock of more than 500 ende

mic haplochromine SpeC'Ies in Lake Victoria, and another one of more than 500 cichlid spe

cies 'In Lake Malawi, ln Lake Tanganyika evolution has led to the occurrence of spec'ies flocks

within a few families: 7 Mastacembelid species, 6 species of the Bagrid Chrysichthys, 7 spe

cies of Synodontis and 4 species of the Centropomi, and 300 cichlids. The remari<able diver

Slty of the large barbs (senus Barbus) in Lake Tana (Ethiopia) constitutes a potential species

f10ck which has been discovered recently

ln south America, 24 Orestias species (Cyprinodontidae) are presently recogn'Ised.

ln Lake Baikal (As'Ia) ons should mention the the presence of sculpine fish (Cottotoidei) spe

cies flocks, comprising 29 spec'Ies (11 genera) of sculp'ins totally endem'Ic

There is aIso a number of invertebrates species f10cks in anc"ent lakes and a high number of

endemic species.

For many authors, ancient lakes are natural laboratories but their endemic fauna is part'Icular

Iy threatened by habitat alterat'ton, trawl fisher'ies and the introduction of al'Ien species. The

documented disappearance of hundred Cichlid SpeC'Ies from Lake Victoria resulted in inter

nat'tonal concem for the knowledge and preservation of this unique fish fauna. In the early

19805 the impact of the introduced Lates upon the indigenous fish fauna was considered an

ecological and conseNation It was later recognised, that predation by Lates may not be sole

Iy responsible for the depletion of haplochromine stocks, and that the haplochromine stock

was already affected by fisher'ies before the establishment of Lates, and particularly by unre-

.......•............ Q~.... 22
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gulated flshing or by trawling techniques.

Conclus'Ion

Ancient lakes are un'Ique natural laboratories to study evolution at works for severa1groups of

aquatic animais. They are currently major biod'rversity hotspots and most of the are threate

ned by human activibes. It is a world heritage to be preserved.

.............•............ 23
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The 1998 ICLARM-FAO Bellagio Conference on Polides for Aquatic Genetic

Resources

ROGER Sv. PULLlN, RAiNER FROESE AND JAN MIG-WL VAKlLY

International Center for Living Aquatic Resources IY1anagement (lCLARM) - MCC Po. Box 2631 
0718lY1akati City - Philippines

ln December 1995, ICLARM convened, under the auspices of the System-w"lde Geneflc

Resources Programme (SGRP) of the Consultative Group on Intemational Agricultural Research

(CGIAR), awor1<shop about fish genetic resources (Pullin and Casai 19(6). That wor1<shop cal

led for an internaflonal conference on policies for aquatic geneflc resources. ICLARM and

FAO held this intemational conference, 'Towards Polic"les for Conservation and Susta"lnable

Use of Aquatic Genetic Resources', at the Rockefeller Foundation's Bellagio Conference and

Study Center, Italy,ln April 1998. Intemational experts, invlted in the"lr persona 1 capaCtties,

presented in-depth reviews and discussed areas of concem and suggestions for act"lon"

The reviews "Included: Fish Genetic Resources Conservation, Field Programs and POI"ICY

Development; Siotechnology, Genes and Genetically Modifled Organisms (GMOs); Policies

for Commerc"lalization of Transgenic Fish; Policy Aspects of Genetic Resources for Fisheries;

Preparation and Implementation of Policies for Aquat"lc Genetic Resources; Genetic

Resources in Aquaculture, a Farmer's View; Intellectual Property Rights and Aquat"lc Genetic

Resources; Conservation of African F·lsh Genetic Resources; Aquatic Genetic Resources in Asia

and the Paciflc; Aquat"lc Genetic Resources ·In Latin America; Fish Under Threat; Local

Knowledge, Innovations and Practices Goveming Aquatic Genetic Resources; Legal Regimes;

Governance, Conservation and Sustainable Use of Aquatic Genetic Resources; Developing

Sui Generis Opflons for Protection of Living Aquatic Resources of Indigenous Peoples;

Institutional Factors and Aquatic Genetic Resources; Publ"lc Awareness; and Adaptiv~

Biosafety Regimes for GMOs.

The conference agreed upon six 'Suggestions for Act"lon', summarized here in no order of

prior"lty: integrate conservation and sustainable use of aquatic genetic resources into educa

tional curricula, at ail levels; c1early assign national "Inst"ltutional responsibirlties for conserva

tion and sustainable use of aquatic genetic resourceSi share knowledge and methods,

through the Clearing House Mechanism and local mechanisms; broaden the biosafety deba

te to include alien aquatic species and genotypes, not just GMOs; adopt the ecosystem

approach, including transboundary and cross-sectoral elements; and develop policies and

practices for sharing monetary and non-monetary benefits. The conference also idenflfled

four 'Areas of Concem': intemational I"lability provisions for damage to aquatic genetic

resourcesi protection of and rewards for local knowledge, innovat"lons and practices; sharing

benefits from aquatic genetic resources found outside nationaljurisdict"lons; and recognition

that, for b"losafety, the characteristics of living modifled organisms are more Important that the

processes used"

The proceedings of th"ls Sellag"lo Conference are published (Pullin et al, 1999) as a source of

reference for pol"lcymakers and other interested part "1es" It "IS hoped that this volume will

contribute to the programs of the CBD on marine and coastal biodiversity (Jakarta Mandate)

and in land aquatic biodiversity"

...........•.............. 24
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FishBase, a Tooi for Documenting and Exploring Fish Biodiversity
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Good resource management is ultimately the ability to maintain the health of exploited eco

systems, ensuring that their potential for biolog'lcal productivity is maintained and 'Its vulne
rability to extemal factors is m'Inimised, When assessing ecosystem health, biodiversity is only
one aspect to be considered, However, changes in the biodiversity of exploited ecosystems

over time might help to 'Indlcate whether their produdrvity and resil'Ience are optimal. For

this, as weil as for assessing the status of species and populations and picking up waming
s'Ignals where those are under threat, biodiversity must be documented 'In an appropriate for

mat. Froese (1996) suggested that a 'unit' of biodivers'Ity 'Information must include four core

elements: spec'Ies name, date, source, and locality,

FlshBase, a global database on the biology and ecology of flnfish bulit through intemational
collaboration and sharlng of data (Froese and Pauly, 1998), has used th'IS and other

approaches to develop tools for biodiversity studies, Cooperation with European museums
has enabled the numerous occurrence records in their fish collectiOns to become progressi
vely available in FishBase, Linked to the authoritative database on fish taxonomy in FishBase,

such records facilitate investigations 'Into the status (occurrence and distrlbuflon) of aspecies
over time, 'Irrespecfrve of changes ln nomenclature, üther links within F'lshBase permit retr"le
val of information on the biology and ecology of a grven species, its use and status of threat.

Overall, while not a subsfltute for on-the-spot surveys of current status, these tools give
added value to existing data and can identlfy trends and potential threats and problems that
m'Ight not be obvious from narrower, one--f1me studies,

FishBase has routines to explore biodrversity data including, among others: national fish checklists;

occurrence records; biocfrversity mapSi introductions; trophic ecology; parameters for ecOS)lS1:em
modelling with Ecopath; and "key facts", The key facts are summary sheds of 'Important biologi
cal parameters allowing, for example, analysis and comparison of representative length-frequen

cy data sets of a given stock or population against generalised length-based 'Indicators for that
species (e,g, length at first maturity, optimum capture length, asymptoflc length), The results faci
rltate rapid assessment of the status of an exploited fish population,

FishBase remains under continuous development 50 as to 'Improve its coverage of ail known
flnflsh species and its utility as a tool for flsh biodiversity assessment and management. Ail

the data and tools 'In F'lshBase are under common ownership and are becoming available
through the Intemet (http:lM'vvw,fishbase,org). Ali concemed wlth the development of

FishBase welcome additional collaborators as weil as critical feedback from its users,
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Some issues on human dimensions of mangrove biodiversity management
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Ecologists generally tend to view an ecoSyStem strictly in a b'lolog'lcal sense, keeping the

humans outs'Ide its structura llfundlona Iboundaries, ln th'IS view of things, humans sitting out

side the biological ecosystem boundary brlng about ecosystem alterations through pertur

bations, The impact of human activ'lties on the ecosystem and the effect of altered ecosys

tem properties on the humans are not v'lewed as an integrated whole, in the context of b',o

d'lVersity influeT1cing ecosy.;tem function, However, contrary to the tradiflonal ecologlst's Vlew

point, if we take a view that humans form an integra 1 com ponent of the ecoSyStem function,

and 'If we realize that this integrative view point becomes even more obvious at a landscape

level, then the issues of management of biodiversity within the system would assume a dlf

ferent flavour, Indeed, this is the way in which many traditionalltrlbal societies perceive the

immed'Iate environment around them, The concept of village as an ecosystem, amongst .tra

ditional soc'Ieties" with ail its ram',fications involving agriculture, an'Imal husbandry and the

domestic sector enmeshed with the forest and forest-related activities such as hunting and

gathering of food, fodder, fuelwood and medicine and forest farming are ail examples of

such an 'Integration of humans within ecosystem boundaries, with implications for evalua

ting the role of biodiversity in ecosystem/landscape functions, in a broader context, This

also implies that conserving this biodivers',ty is crucial for the survival of the local people, It

is not only the mere presence of biod'Iversity and the fundlonal role 'It has for the trad'lflo

nal humans that is signiflcant here, but the manner in which they manipulate this biodiversi

ty for ecoSyStem functional integr'lty, and through that for their own funct'Ion withln the land

scape is interesting,

Whilst such an approach as related to terrestrial ecosystems has been a matter of 'Intense

research by this author during the last three decades, there are reasons to believe, on the

basis of preliminary studies, that such an approach will glVe ample rewards for effedlVe

management of mangrove ecosystems of the tropics with developmental concems Ilnked

w'lth the traditional societies associated with them, ln the Banni region of the Rann of Kutch,

only a small patch of the reld Avicennia marina is protected as part of a .sacred grove",

mainta'ined for cultural/religious reasons, Excoecaria agallocha, locally called •Th'lIlai"15 a spe

cies worshipped by the local coastal population and other devotees coming to the temple

town of Chidambaram 'In Tamil Nadu; the .Sundri" tree (Heretiera spp,) of the Sunderbans

along the Bay of Bengal is another such a culturally valued species, Even wildlife like the Royal

Bengal tiger (Panthera tigris) of the Sunderbans, associated with Goddess Durga in Hindu

myt!lology, and crocodile (Crocodilus palustTis) of Goan coast are also objects of worship,

We have shown through our studies on terrestrial ecosystems that ecologically valued keys

tone species are often are also socially selected, Further, trad'Itional societies tend to be much

more hol'Istic in the'lr approach towards ecosy.;tem/landscape management, but for d'ISrup

tions caused by outside pressures on nature and natural resources, It is in th'IS context, the

whole issue of land use conversions that are occurring in the coastal regions, for a variety of

developmental activities, inciud'Ing the recently initiated prawn culture industry along the

Indian coastal regions need to be viewed,
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ln the ultlmate analysis, link·lng up ecological processes with social selection processes pro

vide an effectIVe handle for rehabilitation of degraded ecosystems and blodivers·,ty mana

gement with concems for sustalnable livelihood/development of tradiflonal societies living

along the coastal reglon. Mangrove ecosystem analysis, with this perspective in V·lew, offers

opportunlties for blodiverslty management wlth peoples' participation.
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Seafood Production Supported by Mangroves: Illuminating the Need for

Ecological Knowledge in Economie Valuation

PATRIK RONNIlÀCK

Department of Systems EcolOS'l- Stockholm University - Sweden

The biod"IVer5'Jty of mangrove ecosystems provides a wide range of natural resources and eco

bgical services, 'Nhich are vital to subsistence economies and provide a commerc'Iai base to

local and national economies, During the last decades mangroves have experienced wides

pread deforestation, and as a consequence more than 50% of the world's mangroves have been

removed, One major driving f()(ce behind this lasSIS the underestimation of the economK: value

of goods and services generated by this ecosystem, ln part thlS trend of undervaluation is due

to the difficulty involved 'In placing a monetaryvalue on sorne goods and services, Lack of eco

logical knowledge amang thase performing the valuation is another 'Important determinant.

The need for ecological knowledge is examplified byan economic analysls of capture fishe

ries producflon, 'Nhich constitutes the major value of mar1<eted products from unexploited

mangrove ecosy.;tems, The identification of commercial and subsistence fisheries supported

directry or ind'Irectry by mangroves calls for the recogn'Ition of: (1) the provision of mangro

ve nursery and feeding habitat; (2) the biophysical interacflons 'In the coastal seascape

biome; (3) the subsidry to total fisherles catch by shrlmp trawlers; and (4) the aquaculture

'IndustIy's dependency on 'Inputs like seed, spawners and feed, The support from mangroves

to fisherles show spatiotemporal variations between continents and regions, but alsa within

indiv',dual mangrove systems, where riverine and fr'inge forests may be more important than

basin forests. To clearly establish the relative 'Importance of different types of mangroves

more quantitafrve research '15 needed on the distribution pattem of fishery species, the func

tional role of mangroves as habitat and the biophysicallnteractions 'In the coastal seascape.

ProducflVity esflmates are usualry derived by correlating documented fisherles landings to

mangrove cover. This method is straightforward, but limited by problems of auto-correlation

and incomplete flshery statistics, By acknowledging the "mentally h'ldden" support functions,

the annual product'lV'lty of capture flsheries supported by mangroves range from 1,3 to

12.0 ton/ha, 'Nhich corresponds to a mar1<et value of US $2,000 to 13,300/ha. This highllghts

the life-support value of mangroves, and illuminates the lack of ecolog'lcal knowledge and

signiflcant undervaluation in previous cost-beneflt analyses aimed at d'Iscussing management

altemaflves for mangrove ecosystems, Most cost-beneflt analyses have onry recognized the

mangrove habitat support to some commercial flsherles, and consequentry their estimation

of annual productivity and value of fisheries supported by mangroves range from 170 to

330 kg/ha and US $130 to $640/ha, respedivery,

Econom'Ic valuation of natural resources and ecological services has the potential to illuminate

the value of viable ecosystems, and may thus provide a flnanc'lal 'IncenflVe to the'lr conservation

and management. Thorough ecological knO'Nledge of the ecosystem studied is, however, a

prerequisite for a successful econom'Ic analysis. Furthermore, the assignment of economic

values, whether quantitative ()( qualitative, requ'lres a multi-disciplinary approach. It should also

be emphasized that, apart from econom',c efflciency, the sustainab'i1ity of human activ'lties and

the social faimess of revenue d'lstribution constitute key components in the economic analysis,

..•...•••..•.....••....•.. 29



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

o......................... International Workshop, 15-18 November 1999

The Ecological Footprint - a Communicative Tooi for Assessing

Resource Use and Development Limitations in Aquaculture

PATRIK RONNBACK

Department of Systems Ecology - Stockholm University - Sweden

The conversion of mangrove forests 'Into shrimp aquaculture ponds constitutes the ma'in

threat to mangroves in many countries, Apart from mangrove hab'ltat 1055 and fragmentation,

the impacts of shrimp aquaculture on biodiversity include overflshing and bycatch problems

'In associated Fisheries, introduction of exotic species and spead of diseases, and release of

nutrients and pollutants into the environment. Ironically, the productivity and susta'inability of

these aquaculture systems are heavlly dependent on viable mangrove ecosystems, which

provide ecological seNlces l'ike water quality maintenance and buffer against natural distur

bances, as weil as resources like seed, spawners and feed from mangrove-associated Fishe

ries, Failure to acknowledge this life-support function of mangroves 15 one explanat'Ion to the

uncontrolled expansion and intensification of shrimp aquaculture, which has led to self-pol

lution and disease problems, The lifespan of most intensive shr'imp ponds seldom exceeds

5-10 years, and 70% of previously productive ponds have been abandoned in Thalland.

To reduce the risk of resource constraints and impacts on biodiversity we need to shift to

aquaculture production systems that use less resources and emit wastes that do not exceed

the assimilative capacity of the environment. We also need to develop 'Indlcators or tools that

enable decis'Ionmakers to recogn'Ize and manage nature's life-support on which econom'Ic

development and human welfare depends, One way of identifying the demands for natural

resource and ecosystem seNices of aquaculture '15 to estimate the ecosystem area - the eco

logical footprint - functlonally required to support the activity, The ecological footprint

concept illuminates the non-pr'iced "hidden" requ'lrements for ecosystem support, and

places ttie scale of human activities wlthln an ecosystem framework. It also demonstrates that

human activities, which at First glance may seem separate from nature, would not function

without ecosystem support,

The ecological footprint has been estimated for a semi-Intenslve shrimp farmrn Colombia,

The spatial ecosystem support required to produce food 'Inputs, nursery areas and c1ean

water, as weil as to process wastes was 35-190 t'Imes the surface area of the farm, The man

grove nursery area required to produce the shr'imp laNae for stocking was the largest support

system covering up to 160 times the pond area, The area of mangrove forest requlred to sup

ply natural food inputs and filter the n'Itrogen and phosphorus Joad was 4,2 ha and 4,8 ha per

ha semi-intensive shrimp pond, respectively, Feed pellets form a major 'Input to a shr'imp

farm, and a marine area of 14,5 ha was needed to catch the fish, and an additional agricul

tural area of 0.5 ha for the vegetable 'Ingredients used in feed pellet manufacturing. Flnally, 7,2

ha was needed for provid'Ing c1ean lagoon water to the ponds, and 0.8-2.5 ha of forest area

per ha shr'imp pond area to sequester the carbon dioxide of fossil fuel buming at the farm,
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Adaptive Practice for Resilient Aquatic Landscapes

JAN SENDZIMIR

Intemationallnstitute for Applied Systems Analysis, Schlossplatz 1, A- 1030 Laxenburs, Austria,
Email: sendzim@iiasa.ac.at

ln this presentation 1use theory and examples to address two questions, 'W'hat are some of

the factors that ma'intain the 'Integrity of systems Iying along landlaquatic interfaces? 'W'hat are

useful tools to maintaln and promote that integrity? 1briefly review a concept, ecological resi

l'ience, that embraces a number of factors that appear to support ecosystem 'Integrity, inclu

ding biodiversity, 1then describe a process, Adaptive Environmental Assessment (AEA), that

provides a flexible framework for exploring, understanding and acting (managing) to pro

mote the integr'ity and resilience of land/aquatic interfaces, 1 conclude by giving some

examples of AEA applications bath in mar'ine and fresh water systems,

'X!hat set of factors mainta'ins ecosystem integr'lty? Resilience embraces species r'ichness and

b'lodiversity in a wider search to flnd how systems sustain their integrity in the face of distur

bance, The resilience concept has been tested and developed 'In efforts to address resour

ce management crises, Local problems, such as losses of biodiversity, Wete seen as problems

at one scale but are increasingly recognized as crises that emerge from w'lth'ln-scale and

cross-scale interactions, Therefore, the focus of res'Ihence has grown to examine how with'ln

scale and cross-scale interactions affect the integrities of natural and human systems, It offers

the chance to look at spec'Ies within a dynamic context of the multiple scales of operation of

ecological and human processes,

Fortress tactics anchored in national par1<s have only protected biodivers'Ity at small scales

while allow'lng extirpation at large scales, One tradition of management practice starts with

the idea that biodiversity must be protected at wlder scales by expanding the land area 'In

which ecological practices are pursued as part of everyday life, This means tMt in the buffer

zones around bio-reserves ecological insight must become part of the foundation of such

rural activities as agriculture, forestry, fishing and hunting, Extend'Ing the doma'in of sound

ecological practice is not triv'lai. Bywhat means can we integrate the understanding and prac

tice of ecological science and rural econom'Ies and folkways?

Resource management problems have 50 ohen defled predidion that surpr'ise rather than

certa'inty has become a common theme for pract'Ifloners (managers) and theoreticians, Our

understanding of this surpr'ise has improved W'lth our appreciation of res'i1ience and the

scales of ecological processes and landscape pattern, But how can we pract'Ically address

this uncertainty whlle protecting blodiversity and resilience? 1describe a process, Adaptive

Env'lronmental Assessment (AEA), that has developed over 30 years of experiments as a test

of our abilifles to integrate inquiry, understanding, and action in the face of surprising shlfts

in evolving resource systems, AEA has been applied to resource management problems such

as tourism, fisheries, forestries, mining and agriculture, 1discuss current experiments with AEA

to address the intetplay of ecological and economic processes in Europe and North

Amer'lca, 1describe adaptive approaches to small scale experiments with stream erosion and

biodivers'Ity (Minnesota), medium scale experiments W'lth flood protection, grazlng practices

and biodiversity of ftoodpla'ins (Austria and Poland) and a large scale experiment with dis

turbance and estuarine bays (Florida),
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An index of biotic integrity (IBI) and biological monitoring for the assess

ment of fish biodiversity in African freshwaters
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The Index of B'lotic Integr"lty (IBI) 'IS a multimetric index that rates the composition, structure and

functional organ'Isaflon of fish populations in a particular environment, compared to simllar env'l

ronments with high-quality ecosystems. A fundamental assumption 'In choosing fish as 'Indica

tors of environmental degradation is the'lr sensitiv'lty to most forms of human disturbance,

The IBI metrics represent three major classes: species richness and composition metrics; troph'lC

compos'Ition metr'lcs; and metrics on the population s'Ize and the condition of 'Individuals.

Developed in the eighties for small streams 'In the north-central part of the United States, the IBI

has since been modified for use in other regions in the USt\ wherelt became a legallndex to

officially demonstrate pollution; since a few years it is 'Intensively studied in Westem Europe,

ln Africa only few studies have been made so far. These few apprlcations, however, have

demonstrated the ability of the IBI to identify a variety of forms of degradation (e,g, defores

taflon; mining), But in many parts of Africa the development of an IBI is seriously h'lndered by

the lack of rel'Iable basic 'Information on fish taxonomy: this 'IS especially true for West-Central

and Central Afr'lca, which still contain severa1poorly explored areas, As long as this basic

information with correct species numbers, based on reliable identiflcabons, is not available,

the IBI Will be 'Incorrect. The training of Afr'ican researchers in the field of systematics is the

refore absolutely necessary and rather urgent. Until recently, research 'In this field has been an

almost exclusive European special'ity; due to other research priorities however, the study of

African fish biodiversity is becomlng rare in Europe and a transfer of knowledge is 'Ind'Ispen

sable in order to guarantee the continuity of the research,

There '15 also an urgent need for conflnuous biological monitoring of African freshwaters. 50

far, extremely few studies are available, Recent studies on the effect of a dam on the flsh

population of a coastal river in West Africa, however, revealed considerable changes ln the

species composition and in the local catches; additionally, in the man-made lake and in the

outlets, hybrids have been observed, The man-made lake stud'Ied is amongst the oldest on

the African continent. It is obv'lous that in other dams, s'lmilar changes will be observed.

Regular monitoring of the (!Vers 'IS absolutely necessary in order to guarantee the sustainable

use of the ava'llable stocks,
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