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General introduction to the project
Carlo H.R. Heip and Pim H. van Avesaath

Centre for Estuarine and Marine Ecology/Netherlands Institute of Ecological Research,
Korringaweg 7, Postbus 140, NL-4400 AC Yerseke, The Netherlands

Context

Ten years ago, in 1992, the Earth Summit was held in Rio de Janeiro. Rio produced the
Convention on Biological Diversity that has now been signed by nearly all European
countries and the European Union. Since 1992 many initiatives for research on biodiversity
issues have been launched, the majority of them local, short term and terrestrial. Marine
biodiversity research was long considered less urgent because the main problems were
thought to occur on land. Long-term biodiversity research, i.e. for more than 3 years, is very
difficult to implement, even at the national level. Some of the major obstacles are the national
and European funding systems and also the lack of an internationally agreed methodology for
the measurement of marine biodiversity and the choice of indicators for biodiversity.

In 1994, the European Network of Marine Stations (MARS, http://www.marsnet.nl), a non-
profit foundation incorporated in the Netherlands, was founded to cope with these obstacles.
In 2000, the MARS-related initiative BIOMARE (Implementation and Networking of large-
scale long-term Marine Biodiversity research in Europe, http://www.biomareweb.org),
started. This concerted action, supported by the Fifth Framework Programme, aims at
achieving a European consensus on the selection and implementation of a network of
reference sites as the basis for long-term and large-scale marine biodiversity research in
Europe, internationally agreed standardized and normalized measures and indicators for
biodiversity, and facilities for capacity building, dissemination and networking of marine
biodiversity research. Twenty-one institutes co-operate in the concerted action.

The BIOMARE concerted action is an important first step and will provide a framework for
the implementation of marine biodiversity research on spatial and temporal scales that cannot
be covered by traditional funding schemes. The next steps are of course the research itself and
the subsequent transfer of its results to society. The rapidly growing interest in biodiversity,
with Rio +10 (the Johannesburg UN meeting) and the next framework programme
approaching, require a directed effort from the scientific community. What is needed as well
is a broadening of the discussion to a wider range of subjects and to a wider audience by not
only including more scientists of other disciplines (e.g. terrestrial biodiversity and
biogeochemistry), but science managers and end users as well.

To define the issues at stake an electronic conference on marine biodiversity in Europe
(M@RBLE, http://www.vliz.be/marble) was organized in October 2001. The objectives of the
M@RBLE e-conference were to discuss the bottlenecks and their solutions in producing
relevant knowledge and the implementation of this knowledge in policy, management and
conservation; therefore contributing to the development of a network for (marine) biodiversity
research in Europe. The results of the e-conference were presented at the meeting of the
European Platform for Biodiversity Research Strategy EPBRS in Brussels, December 2-4
2001, and published as Vanden Berghe, E.; van Avesaath, P.H.; Heip, C.H.R.; Mees, J.
(2001): Electronic conference on MARine biodiversity in Europe (M@rble): summary of
discussions, 8-26 October 2001. Flanders Marine Institute (VLIZ): Oostende, Belgium. iii, 43
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We believe that the present efforts, BIOMARE and M@RBLE, are an important start.
However, more will be needed to support development and application of marine biodiversity
research over a sufficient period of time to make the field mature and active on a truly
European scale. The discussion on the issues at stake should not stop with the presentation of
the results at one single meeting. Instead, the discussion should become a continuous process
for at least as long as the EPBRS meetings are held, so that each EPBRS meeting receives a
specific input from the field responding to the specific topic of that meeting. Starting from
BIOMARE - that will produce a recommendation for a network of flagship and reference
sites and a review of indicators - and M@RBLE - that produced through the e-conference and
the link to EPBRS the first appearance of marine biodiversity on the EU policy scene - the
next series of activities should be used to create a lasting network for marine biodiversity
research in Europe. Such a network must adequately prepare and exploit the possibilities of
the next framework programme and the European Research Area, must improve the
infrastructure for marine (biodiversity) research and its accessibility and utilization by
European scientists, and must increase the visibility of marine biodiversity issues for science
managers, politicians and other end users, including the public at large.

Objectives of MARBENA
The objectives of the MARBENA project are:

To create the infrastructure for marine biodiversity research in Europe by creating a pan-
European network of marine scientists, with strong links to the different stakeholders in
Marine Biodiversity Issues, from the EU-EEA and the Newly Associated Nations, and that
covers the European seas from the Arctic to the Atlantic, the Mediterranean and the Black
Sea. This network must improve the science by cataloguing the existing expertise and
infrastructure, by defining and prioritizing the issues at stake in terms of scientific knowledge,
technological requirements and application to societal problems. It must provide an
intellectually attractive environment for young scientists and a discussion forum for all. It
must promote the European presence and the organization of international research
programmes, and promote the discussion of their results and their application. It must provide
the links between scientists and industrial companies willing to aid in technological
development, between scientists and science managers and politicians and lead to better
integration of research and a better insight in the 'market' of supply and demand of marine
biodiversity information.

To create awareness on the issues at stake and enlarge the visibility of marine biodiversity
research in Europe, the network must make the issues — the scientific questions and the
relevance of the outcome of the scientific research — clear to a non-scientific audience, it must
communicate with EU policy makers and politicians (presentation of marine biodiversity
issues at the European Platform for Biodiversity Research Strategy meetings, presentation to
the European Commission and European Parliament when requested), with global
organizations and programmes such as several IGBP programmes (GLOBEC, LOICZ,
perhaps SOLAS), DIVERSITAS and the Census of Marine Life initiative, national and other
EU biodiversity platforms (e.g. the BioPlatform thematic network) and dissemination of
information to the public at large.

Hereby, the project contributes to the European Research Area (ERA) initiative. Special effort
will be undertaken to involve the stakeholders from the Newly Associated States (NAS) in the
network.

For more information on the project and for the partners involved see
http://www.vliz.be/marbena.
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Overview of planned project activities
To achieve these objectives, MARBENA performs the following main activities:
To create a long-term infrastructure for marine biodiversity research

To develop a European Marine Biodiversity Network.

MARBENA will start by using existing information (e.g. the ESF and Diversitas Science Plan
and the results from BIOMARE and M@RBLE amongst others) and by cooperating with
existing European organizations, including the European Marine Research Stations Network
MARS that through its member institutes has already played an active role in the
development of marine biodiversity science.

MARBENA will open its activities and actively engage cooperation with any interested
partner, including museums of natural history, universities and government laboratories.
MARBENA will establish a structural link with the BioPlatform.

One of the most important tasks will be integration with scientists of the Newly Associated
States and a sufficient coverage of the marine areas at the periphery: the Arctic Sea, the Black
Sea and — when possible — the Southern Mediterranean Sea.

To build a long term research infrastructure for the network MARBENA will provide the
information and mechanisms for creating a solid basis on which the network can build:

By discussing research priorities and their implementation and coordination for the next five
(or even ten) years and the ways of financing European-level research where needed, taking
advantage of the new possibilities of the 6th framework programme and the European
Research Area e.g. through complementation of national research.

By describing the market of ‘supply and demand’ of marine biodiversity information: who are
the stakeholders and what is the information available and needed? Where are the gaps and
what can we do about them?

By describing and publishing a catalogue of the research infrastructure existing and required
(vessels, instrumentation, experimental facilities) and of taxonomic literature (floras and
faunas, keys for identification), studying their accessibility to European researchers and
prioritizing their development where necessary.

By promoting regional cooperation between different EEA and NAS countries focusing on
regional problems and involving the regional end-users.

By promoting the possibilities for discussion between scientists, management and policy
makers.

To create visibility for marine biodiversity issues in Europe

To enlarge the visibility of the marine biodiversity issues and therefore marine biodiversity
research in Europe, MARBENA will work on publicizing these issues with the stakeholders
and the public. This will be done by maintaining an active web site, by regular press releases,
and by the publication of a newsletter, CD-ROM's and folders. MARBENA will link to other
programmes of interest (DIVERSITAS, relevant IGBP-programmes, Census of Marine Life
CoML etc.), to EU policy makers requiring information and support for implementation of
e.g. the Water and Habitat Directives, the European Environment Agency and to the ESF
Marine Board as a representative of the national funding agencies.

To develop and maintain a web site where information and issues produced by the Marine
Biodiversity Network will be easily accessible to stakeholders involved in marine biodiversity
as well as the public at large. The website will be the main communication structure for the
network of marine biodiversity stakeholder. The web site will have links to the MARS Web
Site and to other web sites (BioPlatform, ESF Marine Board, EU Directorate of Research)



To organize Electronic conferences on selected themes

To provide relevant information on the Marine Biodiversity issue for use in the meetings of
the “European Platform for Biodiversity Research Strategy” (EPBRS) connected with the EU
presidencies. For this a close cooperation will be established with BioPlatform.

To discuss issues important for the establishment and maintenance of the Marine Biodiversity
Network and the long term infrastructure for marine biodiversity research and the
communication between researchers, management and policy makers.

To organize workshops, conferences and case studies

MARBENA will organize together with other partners a series of workshops on selected
topics, discussion of four case studies on selected priority issues for four regions in Europe
involving scientists, policy makers, industry and the public (including the press) and a major
conference to finalize the project and create the conditions for the future existence of the
network.

Involving the Newly Associated States

In this project special effort will be undertaken to include the scientists and through them the
other stakeholders of the marine biodiversity research from the Newly Associated States in
the network. For this we propose the concept of MARBENA Ambassadors, well known and
respected scientists who are residents of the NAS, who will actively extend the network in
these countries. Furthermore the 'Ambassadors' will discuss relevant biodiversity issues at the
Electronic conferences.

The MARBENA electronic conferences
The MARBENA-project will organize a series of five e-conferences on selected themes.

Four electronic conferences will be held before each of four European Platform for
Biodiversity Research Strategy (EPBRS - see the BioPlatform website at
http://www .bioplatform.info) meetings with the following objectives:

To raise a dialogue on the themes selected for the EPBRS meetings, involving a wide range of
participants. These themes will be determined ad hoc in relation to the EU Minister
Conference.

To prepare for the EPBRS meetings through this dialogue, involving both the scientific
community and policy makers, specifically:

To identify current understanding on the selected themes.

To identify areas of uncertainty (‘biodiversity information needs') on the selected themes.

To make provisional recommendations on research (‘biodiversity research needs') on the
selected themes for subsequent discussion at the EPBRS meetings.

To provide background papers for the Platform meetings summarizing current understanding,
areas of uncertainty and recommendations on research on the selected themes.

E-conference chairs are coupled with the EU presidency and organization of the EPBRS
meeting: in order to reach participants from the nations that host the coming EPBRS meetings
(Spain, Denmark, Greece, UK), the chair of the respective e-conferences is conveyed to a
scientist resident of these countries.

The third of these conferences ran for two weeks, from 7 to 20 April 2003. The theme was
“Marine Biodiversity in the Mediterranean and the Black Sea”. During the second week, the
discussions ran jointly with bioplatform e-conference, on the topics "Biotic resources in a
changing world: science for better governance".

Each Electronic conference is held in preparation of the EPBRS meetings. As such, the results
of this conferences is presented at the European Platform for Biodiversity Research Strategy


http://www.bioplatform.info

(EPBRS) meeting under the Greek EU Presidency, which is held in Lesvos from 23 to 26
May 2003.

During the conferences, special discussion items will be raised on “Marine Biodiversity
Issues in Newly Associated States”.

One additional e-conference on “The Future of Marine Biodiversity Research in Europe” will
be organized independently of the platform meetings.
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Executive summary — Marine Biodiversity in the Mediterranean and
the Black Sea

Christos Arvanitidis and Anastasios Eleftheriou

Institute of Marine Biology of Crete. P.O. Box 2214. GR-71003 Iraklio. Crete. Greece

A. Presentation of the e-Conference

The e-Conference took place out from 7™ to 20® April. The Conference was moderated by the
Institute of Marine Biology of Crete (IMBC), Greece, and was hosted by the Flanders Marine
Institute (VLIZ), in Belgium. During the first week, sessions were exclusively focused on
Marine Biodiversity issues, while during the second week sessions were running jointly with
those of Bioplatform e-Conference. Five MARBENA sessions were introduced and chaired
during the first week, while only one, took place during the second week. The remaining 3
sessions were introduced and chaired by Bioplatform. An additional session was created in
order to allow people to deliver messages on issues, which were not included in the
MARBENA e-Conference. Seventy-one participants from 16 Countries delivered 226
messages, in total. Participants were not only from Mediterranean Countries but also from
other European ones, as well as from the USA. The distribution of messages to Countries is
shown in Figure 1. Most messages were delivered by authors from Italy, Spain, Norway and
the UK.

messages

s

Figure 1. Pie chart, showing quantitatively the participation of each Country to the e-
Conference. IT: Italy; NO: Norway; PT: Portugal; RO: Romania; SI: Slovenia; SY: Syria;
UC: Ukraine; SN: Sweden; BE: Belgium; ES: Spain; FR: France; G: Germany; GR: Greece;
IL: Israel.

However, the vast majority of messages have originated from Mediterranean participants, a
fact indicating that people around the region are aware of the Biodiversity issues which they

want to communicate to the broader scientific audience.

The distribution of the messages to the sessions of the Conference is given in Figure 2. Most
messages delivered during the first week were focused primarily on sessions 1, 3, 4, and 5,
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while a substantial number of messages were delivered in a special session created over the
duration of the Conference in order to initiate general discussion and synthesis issues.

45
40+
351
30|
25-
20-
151

Session Session Session Session Sesion Session Session Session Session Session
1 2 3 4 5 6 7 8 9 10

Figure 2. Distribution of messages to the various sessions of the e-Conference.

In the following sections, the concluding remarks of each session are presented.

B. Session 1: Historical and contemporary perspectives concerning species composition,
their distribution and general trends of their abundance over time. Phytoplankton,
zooplankton and benthos, chaired by Ferdinando Boero

Challenging messages stimulated a very viable discussion on the theme, which continued for
several days. Four major conclusions can be drawn from this session:

The Mediterranean and Black Sea appear to be the richest, in terms of species diversity,
European region. This high diversity richness is attributed primarily to the eventful geological
history and to the large variety of habitats present in the region.

Changes in Marine Biodiversity of the region have been documented in many parts of the
Mediterranean and are attributable both to natural phenomena, global change and
anthropogenic activities.

Research has shown that changes in Biodiversity may well affect the ecosystem functioning,
even in the case of invasions by a single species, with important consequences both to nature
and society.

Mediterranecan and Black Seas provide a unique opportunity to launch large Research
Projects, targeted to patterns and processes, which affect the entire biosphere.

C. Session 2: Historical and contemporary perspectives concerning species composition,
their distribution and general trends of their abundance over time. Fish and
commercially exploited invertebrates, chaired by Francesco Sarda.

A significant number of messages were devoted to this session, which ended pointing at the
following key-issues:

Mediterranean fisheries are characterised by high diversity in terms of catch composition and
the structure of the fisheries sector.
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Lack of reliability of time series data seems to be a major impediment when results on natural
variability of populations are required. Some data, however, can yield valuable information
on the ecology of the target species.

Invasive species can easily be established populations in the region being facilitated by
fisheries activities, which tend to be fishing-down-the-food-web thus leaving more space for
the invading species.

It is widely accepted that only under an Ecosystem-based Fisheries Management (EBFM)
both conservation and management priorities will achieve a high level of integration.

D. Session 3: Historical and contemporary perspectives concerning species composition,
their distribution and general trends of their abundance over time. Identification of "hot
spots" of species/habitat diversity and productivity, chaired by John Gray.

Four stimulating questions created a long discussion, pointing at the following:

Although the idea of the hot-spot areas provides a good framework to set priorities for marine
biodiversity, nevertheless, it is very difficult to define marine hot-spots. The major
impediments which were mentioned that a substantial scientific effort on basic biological,
ecological and evolutionary studies are lacking and that our estimates of species richness are
still far from being considered as reliable. Additionally, when we attempt to estimate species
richness, we often neglect the historic (evolutionary) aspects.

No scientific data exist so far to support or reject the diversity-productivity model, in the
region.

The concept of conservation key species, which play an important role to the ecosystem may
still provide a tool in conservation of marine biodiversity.

Although habitat conservation may assist biodiversity conservation, ecological and
evolutionary processes must be taken into account.

E. Session 4: Identification of the critical information gaps - Information gaps for
important fish and invertebrates resources and impact of introduced and/or immigrant
species; information gaps on species/area relationships in the Mediterranean and the
Black Sea; information gaps concerning important habitats in different geographic
regions, chaired by Roberto Danovaro.

Participants to the discussions on this session can be regarded as documentation-providers, in
order to conclude the following:

Although considered as one of the best-studied seas of the world, there are still major gaps to
be covered in the field of Biodiversity of the Mediterranean and Black Sea. This means that
scientists are not able to translate their scientific information into precise conclusions and
guidelines to support adequate political decisions.

We still need more information on variability of biodiversity at different scales (from local
and meso-scale, to seascape scale). We also need to test hypotheses at these scales such as
whether the local species pools are random samples from the regional species pools.

There is still limited knowledge on the role of physical processes in the development and
maintenance of biodiversity. The identification of suitable locations for the study of the
physical processes that control marine biodiversity, such as the straits of Messina, constitutes
a major gap to this end.

Cross-nation effort to establish baseline information for assessing historical trends in marine
biodiversity, is also needed. Archaeology would be a model approach to study the long-term
biodiversity trends.

The effects of anthropogenic impacts (eutrophication, environmental stressors and micro
pollutants) on both structural and functional aspects of biodiversity are of particular interest
for the Mediterranean Sea. This is because the Mediterranean is subjected to a high degree of
human activities, leading to an ever increasingly large coastal expansion in development. We
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need accurate methods and tools to detect these changes at the regional, coastal and national
scales. The potential of recently developed research fields in the marine science, such as
microbial-molecular parameters and the trophic breath should be tested. The development of
indices integrating both ecological and social values are urgently needed.

A huge gap still exists in the coupling of classical and molecular techniques in the study of
biodiversity. Classical taxonomy could benefit from the recently developed molecular and
genetic techniques, which would allow for testing hypotheses already in place. For instance,
extracellular DNA may potentially represent a reservoir of genes contributing to misleading
the actual diversity of prokaryotes.

F. Session 5: The unknowable - Identification of the drivers of change - Potential drivers
of change to marine resources in the Mediterranean and Black Sea; prediction and
mitigation schemes, chaired by Carlos Duarte.

During this session, it has been shown that:

Major changes in marine biodiversity in the Mediterranean following large changes in sea
level over geological time scales, as well as chatastrophic perturbations, have been
documented.

Human pressure has been identified as a new, growing driver of biodiversity change in the
Mediterranean and Black Seas in the past two millenia.

The potential of amplification of the impacts of climate change on marine biodiversity in the
semi-closed Mediterranean and Black Seas, and the likely earlier changes in biodiversity in
comparison with other Seas, should be studied.

Scientists have to spend more time and effort in order to communicate major issues to society,
at large.

G. Session 6: Does marine biodiversity really matter? How could change represent value
in Marine Biodiversity; what can we do to find out more about what is unknown, at
present; what might be the consequences and the costs of not knowing chaired by
Anastasios Eleftheriou.

Discussions have been stimulated by three fundamental questions:

What is the value of change in Marine Biodiversity? A two-level approach has been proposed
in order to answer this question: i) to start thinking of how much we can profit from the
existence of a species or of a habitat or landscape in case we do have the relevant information
(otherwise we should do more research; ii) to start making the “classical” market
investigation by creating adequate questionnaires. It was also proposed that the case of
Lessepsian migrants might be a good example to start evaluating changes in Marine
Biodiversity: the inflow of species can be judged as positive, since an ecological semi-
vacuum began to be filled, increasing diversity and also economic yields.

What can we do in order to know the presently unknown? This can be a three-level
procedure: a) to identify and map community types, and related habitats; b) to try to answer
the question: how many species are there in the region? c) to try to answer specific questions
at the genetic-level, concerning the viability of populations and the distribution limits of
invasive species.

What are the consequences and costs of not knowing? It was argued that the cost of not being
able to explain means there are economic consequences caused by the fact that management
is based on ignorance.

Another issue, which emerged later on during this session, was that we should address the
root causes of biodiversity loss. As growth, rather than poverty was identified as one of the
root causes, it was asked whether it is possible to use the collective knowledge of our world
civilization to persuade our society, our politicians and our multi-national corporations to
embrace sustainability, rather than growth, as a goal? The responses included the following: 1)
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we must change many human values, attitudes and behaviours that tend to reduce
biodiversity; ii) research on the drivers and pressures of biodiversity should be integrated with
the core monitoring programme to create much more than a network — a biodiversity
monitoring and research observatory system; iii) provided that the environment has a
“hierarchical spatio-temporal organization” there is an urgent need for complementary
methods and procedures for economic valuation of natural resources and services.

I. Session 7: Science for better governance (joint session with Bioplatform).

The discussion was initialised by the central question: how does science contribute to
governance in day-to-day exchanges, given that policy-makers work on a different time scale
from scientists.

It was argued that policy-makers are usually forced in to making "quick and dirty" partial
solutions, perhaps based only on very shaky scientific observations. Biodiversity scientists, on
the other hand, typically work to the thythm of multi-annual funding and project cycles.

The dilemma of scientists who are being asked for advice by managers, was finally asked:
should they respond by providing the “best practice” scenario associated with doubts, guesses
and schedule of work for a better-substantiated answer, or should they simply reply that they
cannot provide advice in the absence of data?

Consultancy by adhoc groups of scientists working in the field was proposed as one of the
potential approaches that would improve the “best practice” scenario. Working in close
collaboration and sharing responsibility jointly by scientists and politicians was proposed as
another approach to improve the above scenario.

A few scientists argued that scientists should, first of all, be honest. Others said that if we are
to speak of "good" governance, this tendency should be counter-balanced by some long-term,
strategic decision making, that opens visions in policy and maybe in biodiversity too. It was
also put forward that “best practice” manuals might not be effective.

Changes in the European Union policy-level, such as: a) to replace the “primitive” way of
burning oil for energy production by other technologically more advanced solutions (e.g.
hydrogen reactors); b) to replace the “aggressive” anthropocentric economic attitude by a
“peaceful” environmentally benign economy, were also suggested.

J. Session 8: Biotic resources: from exploitation to innovation and local development
(joint session with Bioplatform).

The only message delivered to this Session from the Marine Biodiversity section documented
important changes in age structure, growth, production, mortality, average age and life span,
as well as incidents of mass mortality of the commercially exploited species Mytilus
galloprovincialis, which have lead to the cessation of the exploitation activities, within the last
forty years.

K. General discussion — Synthesis: special session for the MARBENA e-Conference.

Discussions during this session can be categorised in three themes:

Additional information given for the Mediterranean Marine Biodiversity, concerning the areas
where a relatively low degree of scientific effort has been spent.

Recently developed disciplines in Marine Biodiversity, such as the relation between
Biodiversity and Ecosystem Functioning, through the development of a new generation of
scientists skilled in various methods and techniques.

A debate, which started with the question as to whether we can provide answers to important
questions, as those posed by the chairmen of the Conference with a certain degree of certainty
or whether we should stay at the “single-hypothesis testing” looking for answers with more
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scientific rigour. It was argued that many benefits would come from the development of
theory and experimentation;

GENERAL CONCLUSION

The general conclusion of this e-Conference, as emerged from the lengthy discussions carried
out over the sessions, is the clear need for an umbrella Project, which would serve both
networking and monitoring activities, as well as offering a viable interface with socio-
economic systems.

There are many reasons to support the aspect that Mediterranean and Black Seas offer a
unique model region for this kind of research:

=  The Mediterranean is the “cultural basin”, in which some of the oldest marine
biodiversity centres have been established;

= It is probably the best-studied sea in the world;

= There is a strong nutrient gradient, from west to the east;

= There are strong anthropogenic impacts, often resulting in strong environmental
problems;

A much faster response of the Mediterranean biota to climatic change has been observed.

The Mediterranean constitutes a natural laboratory where many aspects of biodiversity can be
observed and tested.
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The known: Historical and contemporary perspectives concerning
species composition, their distribution and general trends of their
abundance over time. Phytoplankton, zooplankton and benthos.

Ferdinando Boero

Universita di Lecce: Dipartimento di Biologia: Stazione di Biologia Marina. Via Prov. Le
Lecce-Monteroni. 73100 Lecce. Italy

The introduction to the forum asked for insight (and some data too) on the history of plankton
and benthos in the Mediterranean and the Black Sea, to see if there is enough ground to
identify trends in these compartments. The discussion went on along several trajectories:

Alien species and Lessepsian migration: a question of semantics?

There has been a hot debate about this, with Dov Por claiming that Lessepsian Migrants are
not aliens and Bella Galil (and F. Boero) claiming that they are. Por explained his point of
view: Lessepsian migrants simply widened their distribution taking advantage of a newly
opened passage and arrived to the Mediterranean Sea with their own resources. True aliens
arrive at new locations from disconnected geographical areas and it is human action to bring
them there, either intentionally (with aquaculture) or unintentionally (with ballast waters,
fouling, etc.). This distinction is subtle (Francois Bonhomme called it Jesuitical), it has surely
some merit but, as remarked by Bella Galil: man opened the connection, and some of the
species became a serious nuisance to ecosystem functioning, like Rhopilema nomadica, a
large jellyfish that swarms regularly in the Eastern Mediterranean. Maybe it is not as harmful
as Mnemiopsis in the Black Sea, but it has surely a great impact on coastal communities (and
economies). CIESM (the International Commission for the Scientific Exploration of the
Mediterranean Sea) has launched an Atlas on the Exotic species in the Mediterranean
(downloadable at www.ciesm.org/atlas) and included both species that arrived via Suez and
Gibraltar and species that arrived with a more direct human intervention. CIESM dedicated
two workshops to topics treated in the present forum, one on Gelatinous plankton
(www.ciesm.org/publications/NaplesO1.pdf) and one on ship-introduced alien organisms in
the Mediterranean and Black seas (www.ciesm.org/publications/NaplesO1.pdf). This
witnesses the importance that the Mediterranean scientific community is giving to the change
that is going on in the basin due to the arrival of species that were not recorded since about 50
years ago. It is the fastest changing large ecosystem of the world, in terms of biodiversity
composition, and the liveliness of the debate is based on a tremendous amount of records. Por
also recalled the availability of collections that are still to be studied. Lack of taxonomic
expertise and of basic approaches in general, is a recurrent lament in these forums on
biodiversity and calls for serious measures at European level, as remarked by Emil Olafsson.

A W-E diversity gradient in the Mediterranean?

Christos Arvanitidis reported on the widely recognised decrease in biodiversity from Gibraltar
to the East coast of the Mediterranean. Dov Por added a question about the presence of dwarf
populations in the Eastern Mediterranean, reprised by Nina Shurova, and Anastasios
Eleftheriou. Recent papers seem to confirm such trends. During the discussion, it has been
argued that, maybe, the Eastern Mediterranean has warmer conditions than the rest of the
basin and that, after the Messinian crisis and the recolonisation of the newly formed sea from
Gibraltar, it did not receive enough species that were tolerant to its climatic conditions on that
extreme corner. The opening of Suez might have opened a door for species that were
preadapted to these conditions, filling an ecological vacuum. This might give some ground to
what Por is arguing: the arrival of species from the Red Sea through the Suez Canal has also
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positive implications, as remarked also by Lydia Ignatiades. Whatever the judgement on the
value of such arrivals, and on the names we give them (aliens, migrants, immigrants, exotics),
the change is undoubtedly going on and, maybe, the gradient of decreasing biodiversity from
West to East will disappear (?). Bella Galil reported on the deep sea fauna of the Levant
basin: “The evidence that the strictly epipelagic thecostomate fauna is not impoverished in
terms of species richness underscores the importance of the sills and/or the Quaternary
dysoxic and anoxic extinctions in determining the character of the deep bottom-living fauna.
The recent findings suggest that the Levantine bathybenthos is composed of self-sustaining
populations of opportunistic, eurybathic species that have settled there following the last
sapropelic event.”

The Adriatic Sea

Serena Umani, Vesna Flander Putrle and F. Boero discussed about changes in the Adriatic
plankton and benthos. In the last 20 years, in that basin, we witnessed jellyfish blooms (by
Pelagia noctiluca), red tides (by several species of Dinoflagellates), mucilages (probably by
bacteria), the disappearance of commercial bivalves, the introduction of Tapes philippinarum,
and thaliacean blooms. This long list of episodic events might be linked by causal ties that,
however, cannot be experimentally tested. Each episode might be subjected to observations,
measurements and even experiments, but the history over the long term can be only guessed
and there is almost no way to test if the reconstruction of a sequence of cause and effect is
reasonable. S. Umani set a nice stage, indicating how the Adriatic is an ideal arena to study
community change, due to its simplicity (in respect to the rest of the basin) and its
circumscribed physical conditions. From one side this is a good reason to use it as a model,
but the other side of the coin is that the “model” is more similar to the Baltic than to the rest
of the Mediterranean Sea (especially in the very Gulf of Trieste). This is a further
demonstration of the richness of microclimates that are available in the Mediterranean,
ranging from a situation that is similar to a Northern Sea in the Adriatic to an almost tropical
sea in the Eastern basin! The reservoir of Mediterranean biodiversity is spreading along a
whole spectrum of environmental conditions.

Episodic events as drivers of biodiversity change

Roberto Danovaro suggested that episodic events, such as the deep sea transient that affected
the Eastern basin recently, with a drop in temperature, might be the trigger for a change in
nematode (and possibly other) diversity, favouring the entrance of Atlantic species in the
Mediterranean Sea. This specific example, coupled with the dramatic change due to the
opening of the Suez canal and Lessepsian migration, suggests that biodiversity can respond
very quickly to changes in environmental conditions. The ecological explanation of the
distribution of organisms (as opposed to the historical one, invoking drivers over geological
time scales) has undoubtedly some merits, especially in the sea. Martin Attrill warned about
short time series as a way to detect changes in biodiversity even though, as remarked by
Danovaro, changes can occur at every time scale.

History and chronicle

Is there a theoretical framework to interpret biodiversity change? F. Boero proposed chaos
theory, not as a way of mathematically modelling a given situation (as implied by George
Triantafyllou), but as a way of looking at the world. Chaos theory envisages a deterministic
relationship along the time arrow, so that the events of the past determine the events of the
future. This is simply history. Is it possible to predict history? Our experience in complex
systems (described in an openly sarcastic way by Tim Wyatt) is not constellated by successful
predictions! Chaotic systems are indeed deterministic, but they are also extremely sensitive to
initial conditions, so that a slight change in some variable can have great repercussions in the
structure and function of the system. Function, however, can be some sort of attractor that
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forces the system to maintain a given structure too. The attractor, once identified and
described, can be equalled to a scenario with a great range of indetermination. In other words,
we can only perform weak predictions, since we cannot consider all the apparently irrelevant
variables that, at a certain moment, might become very important in redirecting the fate of an
ecosystem or a community. One of these apparently irrelevant variables might be the presence
of a tiny gelatinous alien predator in an almost closed basin. The ctenophore Mnemiopsis
arrived at the Black sea by pure chance, and, once there, it developed massive populations
that had a strong impact on the functioning of the system. When everything looked on the
verge of total impairment, another ctenophore arrived, and it started to feed on Mnemiopsis,
strongly reducing its impact. Neither the arrival (and the success) of the first ctenophore nor
the role played by the second one would have been predicted by any model. Chaos theory
implies that an apparently stable situation might shift to another state in a very short time
window. This means that regularities do not tell us much and that the irregularities might be
the real drivers of change. This reinforces what Danovaro claimed. A time series that, by pure
chance, does not consider a variable that can be important for just a short time (like
temperature in the deep sea, where it is considered to be constant) will not tell us much,
whereas a lucky measurement of the right variable at the right time might explain a lot!
Arvanitidis (and also Boero) recalled the importance of natural history, (taken as the
description of organisms and systems — hence taxonomy) and ecology (perceived as the study
of interactions among species and their environments). Natural history is the attractor of the
system, and it is its knowledge that provides the insight to perform proper modelling, leading
to unavoidably weak predictions.

Life cycles

Tim Wyatt reported on the life cycle of a dinoflagellate (Alexandrium) in a very original way,
showing how a life cycle forces us to disregard concepts such as plankton and benthos, since
many organisms shift from one domain to the other. The only way to grasp the mechanisms of
biodiversity functioning is to break the nicely packaged concepts that we built for ease of
analysis (and modelling and experimentation) and to identify the links among compartments.
This will lead to a “vicious” (a word used by Wyatt to label his favourite organism)
complexity that will challenge our power of understanding, but this is the way the world is,
and we cannot pretend that it is simpler just because otherwise we do not understand it.

The Black Sea

Marius Skolka and Nikolai Berlinsky provided exhaustive data on the change in biodiversity
that is going on in the Black Sea and that is being revealed by the GloBallast programme. The
Black Sea is not only going through a Mediterranisation, but is also receiving a tremendous
traffic of oil tankers that download their ballast waters there and take oil in. Mnemiopsis and
Beroe are only the tip of the iceberg, the amount of change that is going on in biodiversity
composition (and presumably in ecosystem functioning) is astonishing.

Conclusion

The Mediterranean is the richest sea of Europe in terms of biodiversity. The history in the
Mediterranean is very complex, shifting from one ocean (the Pacific) to another (the Atlantic)
after a period of deep crisis (the Messinian crisis). Its species composition changed a lot in the
past and is rapidly changing even now, due to global phenomena (such as global warming), to
local natural phenomena (like the deep sea transient), to indirect human action (the opening of
the Suez Canal), and to direct human action, either intentional (the introduction of new
species for repopulation and aquaculture) or unintentional (fouling and ballast water species).
The Mediterranean has a range of environmental conditions that allow the coexistence of
species with much different ecological requirements, being very prone to be invaded: all the
events of the past leave, thus, some memory. Coming to recent times, the arrival of some
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species, like gelatinous predators, shows that a single new species can change dramatically
the functioning of a large ecosystem. The impact of new species cannot be predicted:
Mnemiopsis is a harmless blob of jelly along the east coast of the United States, whereas it is
a disaster in the Black Sea!

Some seas, due to their poverty in biodiversity, give the illusion that the biosphere is based on
a few important species and that the rest of biodiversity is simply “noise” that can be
disregarded with no impairment of our understanding. The Mediterranean is there to falsify
the generality of this assumption. Biodiversity matters, and there are no a priori
“unimportant” species. This new attitude, based on thorough knowledge of natural history,
can only stem at places where these processes are very evident: The Mediterranean Sea, and
the connected Black Sea, are a miniature oceanic ensemble that is perfect for the study of
complexity, not due to its simplicity (as it paradoxically happens while taking other basins as
a paradigm of marine systems) but just to its .... complexity!

The high biodiversity and the high rate of change of the Mediterranean Sea, both in structure
and in function, provide a unique opportunity to launch vast and coordinated research projects
aimed at the understanding of phenomena that, at a slower pace, are affecting the whole
biosphere. Knowing the history of a system, identifying the trends of its change and the most
sensitive zones to change (and also the periods of intense change) is the basis to perform
proper management or, at least, to understand the reasons that led to given situations.
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The known: Historical and contemporary perspectives concerning
species composition, their distribution and general trends of their
abundance over time. Fish and commercially exploited invertebrates

Francesco Sarda

Instituto de Ciencias del Mar (CMIMA-CSIC): Departament de Recursos Marins Renovables
Passeig Marvtim de la Barceloneta, 37-49. 08003 Barcelona. Spain

List of participants:

Introduction. F. Sarda

Biodiversity and fisheries. Dr. G. Tserpes
Some reflexions. D. Lloris

Slovene landings and effort data. B. Marceta
Response to F. Sarda. T. Wyatt

The true on fleets. F. Sarda

The importance of biodiversity conservation. S. Tudela
Comments. B. Mackenzie

Time to embark on Black Sea. W. Appeltans
The role of the EBMF. F. Andaloro

Ecosystem management. J. Gray

Response to J. Gray. E. Mostarda

Ecosystem management. W. Silver
Ecosystemic approach to fisheries. F. Andaloro
Ecosystem-based fisheries. F. Boero
Gelatinous zooplancton. W. Silver
Invertebrates. D. Del Piero

Elucidating my message. D. Del Piero

We have had a interesting interchange of ideas and some discussions that answered to the
provocative aspects presented in the introduction. Here, I will intend to put the more
important opinions we had during the e-conference, ordered by themes.

i) Mediterranean fisheries are characterised by high diversity in terms of catch composition
and the structure of the fisheries sector. Traditionally, most of the fishing activities are
concentrated along the narrow continental shelf and the commercial catches are composed of
even more than 100 species. Generally, due to lack of systematic data collection from the
fisheries sector, formal stock assessment studies are lacking or they have a high degree of
uncertainty. However, it is generally accepted that most stocks are heavily and even over-
exploited by any criterion. Fishing puts pressure in the marine community and as it
intensifies, a progressive disappearance of the larger individuals from the catches is
happening, with finally a remain of one or two year classes. This “fishing-down”
phenomenon is common for several Mediterranean fisheries, mainly bottom trawl and static-
net ones, targeting demersal species. Apart from the target species, fishing often reduces the
abundance of non-target ones, either through the direct removal of individuals (by-catches or
discards) or indirectly by altering food chains. Although it is clear that fishing activities have
a serious impact on the biodiversity in the Mediterranean, particularly concerning coastal
ecosystems, it is difficult to quantify such an impact, as these ecosystems are also affected by
other non-fishing activities. Activities that cause habitat erosion and, consequently, affect
biodiversity. Furthermore, the lack of reliable fishery statistics and the limited international
co-operation, in terms of scientific surveys in the area, make the extensive assessment of
fishing effects on biodiversity even more difficult.
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ii) Critical comments about this pessimism support the idea that most fishery records, and not
just in the Mediterranean, are not collected for scientific purposes, but usually for economical
goals. Nevertheless, some records can yield valuable information on the ecology of the target
species. Especially those time series that comprise several centuries. Their analysis reveals
approx 100 year and 20 year signals which account for more than 50% of the variance and
which are sychronous over the whole western Mediterranean. Higher frequency variation is
sychronous at smaller spatial scales. There is almost no possibility that the low frequency
signals are generated by economic or historical events, and more likely the reverse is true.
This kind of analysis provides the evidence we need to describe the natural variability of
populations as distinct from that induced by exploitation

iii) On the other hand, invasive species are also important because these species can move
among areas and along the Mediterranean. However, not only commercial, but also non
commercial species must be considered in this context, because any species can disturb the
communities and modify its biodiversity dramatically. In addition, fishing activities can
contribute to the drain of organisms, leaving behind an empty space that later will be
occupied by others. With respect to other subjects that struggle, I wanted to point out some
general considerations: The advances and backward movements of the organisms in the
Mediterranean river basin have always existed. To investigate the causes, it is necessary to
look for them in the geologic and climatic changes that have occurred from remote times to
the present time. Their effects on the organisms, considered like native in a time interval, in
fact are repeatingly occuring, long before we were there for documenting them.

iv) Under an Ecosystem-based Fisheries Management (EBFM), both concepts of conservation
and management achieve a high level of integration. Increasing evidence and awareness of
the shifting baseline effect and irreversible ecosystem changes point to deep structural and
functional changes affecting ecosystems, even over historical time-scales. The primacy of
fishing and overfishing as the main factor for ecosystem change constitutes a key aspect.
Fishing and overfishing, though so often being the most critical factor (through reducing
ecosystem resistance) for further deterioration, is very often accompanied by other
anthropogenic factors. It is clear that even from a conservationist perspective, the adequate
goal could hardly be the restoration of the previous, pristine ecosystems, but the maintenance
or rebuilding of reasonably healthy exploited ecosystems from a structural and functional
point of view, compatible with the maximum conservation of biodiversity. The same goals
should also be shared under a fisheries management perspective. Any real attempt to develop
a precautionary ecosystem-based fisheries management regime would seek to maximise
ecosystem resistance and resilience as well as to optimise the return from the fishery or
fisheries being managed. In this regard, it is suspected that resistance in degraded ecosystems
is somewhat supported by varying levels of redundancy in the functionality of different
species, pointing to the need to maintain and enhance biodiversity and to increase resistance
against ecosystem collapses. This latter principle is also valid for maintaining keystone
species. Keystone species — crucial to keep the functional and structural integrity of
ecosystems - can be extremely difficult to identify, and even more important is the fact that
they can get replaced by others with some time as ecosystems are complex and evolving
entities. With this premise in mind, it is evident that conserving biodiversity (including
functional population levels of the different species) is not only a conservation objective but
also a first order objective for fisheries management under an EBFM framework. The
resolution of the declared crisis of the Mediterranean fisheries needs to pass through the
maintenance of biodiversity and the conservation of resources. The only way to obtain this
result is to apply as soon as possible the ecosystem based management principles to fisheries.
Notwithstanding the importance of EBMF is highly emphasised by the Reykjavik
Declaration, we can observe a strong resistance in adopting this approach by the
Mediterranean fisheries policies and research. Although, the ecosystem approach can produce
impressive improvements in the understanding of ecosystem processes and conservation of
biodiversity, it has, however, to take into account new types of information. Some of the
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information is available within the established biological fisheries research and regularly used
in the management of several important fish stocks. Additional information, including
information on changes in the marine ecosystem and an explanation of these changes are,
however, important in order to ensure that decisions regarding management measures are
consistent with the complex dynamics of the ecosystems in a long term perspective. Improved
co-ordination and co-operation between national and international research institutes is
imperative in this respect. Monitoring the ocean environment has important short-term
implications for controlling the adverse effects of human activities. However, there is also a
long-term purpose in registering changes taking place over decades or longer periods. Such
long-term monitoring is essential in order to separate human influence from natural cyclical
phenomena or distinct trends in the changes of the marine environment, that may run over
many decades or even centuries. Without that sort of knowledge, managerial measures may
be in vain, or have little positive effect on observed changes.

Conclusion

Biodiversity, however, is an important issue not only to protected resources and habitat, but
also to achieve sustainable fisheries. While many of the effects of fisheries on the biodiversity
are obvious, evidence is lacking for drastic effects that can be produced on the time scale of
decades. Those include changes in genetic and ecosystem diversity from levels that have been
achieved over million of years through natural selection. Unfortunately, traditional centralized
approaches to the management of fisheries are not always capable to control the fishing
pressure. New approaches that would include establishment of closed seasons and reserves,
and the ban of environment-damaging fishing methods, developed and enforced with the
involvement and responsibility of fishing communities are needed.

It is important that we look at long time periods because the short data sets we have, makes it
very hard to resolve causes of changes in abundance and distribution since they have wide
sources of error due to many factors that are co-varying. Longer data sets can aid in resolving
this. In addition, many of the factors that affect fish abundance also vary at long time scales
and we need long time series to have any hope of detecting them

The resolution of the declared crisis of the Mediterranean fisheries needs to pass through the
maintenance of biodiversity and the conservation of resources. The only way to obtain this
result is to apply as soon as possible the ecosystem based management principles to fisheries.
Notwithstanding the importance of EBMF is highly emphasised by the Reykjavik
Declaration, we can observe a strong resistance in adopting this approach by the
Mediterranean fisheries policies and research. The ecosystem approach can produce
impressive improvements in the understanding of ecosystem processes and conservation of
biodiversity, although it has to take into account new types of information. Some of this
information is available within the established biological fisheries research and regularly used
in the management of several important fish stocks. Additional information, including
information on changes in the marine ecosystem and an explanation of these changes are,
however, important in order to ensure that decisions regarding management measures are
consistent with the complex dynamics of the ecosystems in a long term perspective. Improved
co-ordination and co-operation between national and international research institutes is
imperative in this respect. Monitoring the ocean environment has important short-term
implications for controlling the adverse effects of human activities. However, there is also a
long-term purpose in registering changes taking place over decades or longer periods. Such
long-term monitoring is essential in order to separate human influence from natural cyclical
phenomena or distinct trends in the changes of the marine environment, that may run over
many decades or even centuries.
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Historical and contemporary perspectives concerning species
composition, their distribution and general trends of their abundance
over time. Identification of ""hot spots' of species/habitat diversity
and productivity

John Gray

University of Oslo: Biological Institute. PO Box 1064 Blindern. Blindernveien 31. 0316 Oslo.
Norway

John Gray raised the point that the idea that one can identify "hot-spots" of high species
richness and thereby better conserve diversity came from Myers et al. (2000 biodiversity and
hotspots for conservation priorities (Nature 403:853-858) and concentrated exclusively on
terrestrial systems. In this paper Myers identified 25 hot spots based on two main criteria
species endemism and the degree of threat. The data were on vascular plants, birds, mammals,
amphibians and reptiles; the major visible taxa much loved by conservationist NGOs as a
focus for advertising their agenda. The 25 terrestrial hot-spots cover mainly tropical areas
such as the Indonesia-Philippines archipelago, Brazil, West Africa and Mesoamerica, but also
Madagascar, parts of the Mediterranean, New Zealand Southwest Australia and the Cape
Province of S. Africa amongst others. The main arguments used by Myers et al. is that 44% of
all species of vascular plants and 35% of the vertebrate groups are confined to these 25 hot-
spot areas. Thus conservation priorities should be based in these areas. In a follow up paper
Cincotta et al. (2000) examined the relationship between human populations and the
biodiversity hot spots and showed convincingly that these hot spot areas were under threat
from human-caused disturbances.

Taking this as a starting point the following points were raised for discussion:

Is the hot-spot idea a useful one to set priorities for marine biodiversity conservation?
Ferruccio Maltagliati (Dept. of Human and Enviromental Sciences, University of Pisa, Italy)
suggested that it was very difficult to exactly define a "marine hot-spot". Thus, a great amount
of work should be still done in the marine environment in terms of basic biological,
ecological and evolutionary studies. He argued that on one hand, we can obtain estimates of
species richness in coastal habitats and those are often related to a number of ecological
processes. On the other hand, it should be noted that more and more species, or species
complexes, or sibling species are being discovered across most of the invertebrate taxa (e.g.
see Hutchings & Ponder, Mar Pollut. Bull 46:153-154, 2003). So, are the estimates of species
richness reliable?

John Richard Dolan (Oceanographic Observatory, Villefranche, France) agreed that the idea
of 'hot spots' may be questionable with regard to very widely dispersed taxa. For example,
Finlay and Fenchel suggest that the species-richness of free-living marine protists is the same
everywhere. Clearly diversity in terms of species evenness is not. John Gray added that recent
data seems to suggest that marine bacteria and Archea are possibly also cosmopolitan so that
there may not be as many species of these taxa as earlier thought. Tim Wyatt (Inst. Of Marine
Science, Vigo, Spain) noted that Jim Carlton makes the point that the smaller a species is, the
more likely it is that it will be considered cosmopolitan. Tim was recently informed that the
morphospecies we call Skeletonema costatum may in fact hide several different species with
different bloom periods. And the problem might not be confined to small species. Monteiro &
Furness (1998) have shown there are cryptic species of storm petrels in the Azores. which
occupy the breeding sites at different seasons. Finally, John Gray pointed out that Nancy
Knowlton had reviewed sibling species in the marine environment some years ago and with
the wider application of molecular techniques we are likely to find that many "species" are in
fact complexes. He asked what does this mean in practical terms for biodiversity
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conservation? Should we be exploring more about cryptic species or trying to spend more
effort conserving habitats in areas where they are under threat? John argued that it doesn't
matter if we do not know whether there are 500,000 or 10 million new species to be found in
the deep sea. They are not under threat but coastal species are so concentrate our conservation
and research efforts in coastal zones.

Do we know enough about marine species richness to start to make an attempt to identify
marine hot-spots John Gray made the point that in considering species richness we often
neglect the historical (evolutionary) aspects. The Black Sea (and Baltic Sea) are recent and
most estuaries in northern Europe were covered by glaciers in the last ice-age so that
recolonisation from the species pool outside these areas is slow and still occurring. Ferruccio
Maltagliati pointed out that even during the last glaciation the Mediterranean was connected
with the Atlantic, given that the sill across the Strait of Gibraltar was estimated to be around
280m depth (Bryden & Kinder, Deep Sea Res, 38:445+, 1991). Therefore, the occurrence of a
Pleistocenic diversity pump at Mediterranean level must be excluded. Estuaries in the
Mediterranean have followed the recurrent hydrogeological dynamics of the coasts driven by
the alternance "ice ages/interglacials". A different and, at my knowledge, unknown situation
is that dealing with coastal ponds and lagoons which aren subject to more drastic
hydrogeological dynamics. In a final comment Dov Por (Israel) commented with the
Mediterranean fauna there would be a cycle from interglacial Senegalian Strombus bubonius
faunas, through present-day type faunas, to Boreal Arctica islandica faunas and back again.
These pulses (see also F.D.Por, Systematic Zoology 24:72-78, 1975) would have the short
durations of the glacial fluctuations and therefore not produce species-level speciation.
However, elements of the super-warm interglacial fauna continuously survive in the Eastern
Mediterranean (and perhaps the Pelagian Sea!), whereas some boreal elements survive in the
north of the Balearic Sea and the Adriatic. In these "refugial areas" an infra-specific
segregation from the parent populations might be already underway.

Is there a negative relationship between species richness and productivity as on land where
low productivity regions (e.g. Southwest Australia and Cape Province) have high species
richness?

Although no-one addressed this issue specifically Bill Silvert (Inst. of Marine and Fisheries
Science, Lisbon, Portugal) pointed out that the presence of "hot spots" often reflects
environmental conditions that serve as biodiversity factories, but it isn't clear that the number
of species has any fundamental meaning. An archipelago with thousands of islands will
quickly generate thousands of separate species, but if one of these species becomes extinct it
will rapidly be replaced and the invading species is likely to evolve quickly in the same
direction. Speciation often is the result of slow spatial diffusion in a heterogeneous
environment, which is why there are so many more species of snails in the tropics than of
bears in the arctic.

He suggested that we need first of all to consider the possibility that not all species have equal
weight - to me the loss of a rare primate like the orangutan is probably a far greater matter
than the loss of an equally rare beetle - and perhaps the best way to approach biodiversity is
by asking about the marginal value of each species, how some measure of ecosystem quality
would be changed if the species went extinct (and the marginal value of some species, like the
Anopheles mosquito, may well be negative).

In reply Martin Attrill argued that loss of pandas would not have any great knock-on effect
for the ecosystem in which they live, but may have their own value (see below). Therefore,
key species to target are those who do have an important role to play in their ecosystem yet
are still appealing - a kind of sentinel species that all is not well with the ecosystem. Martin
suggested that Posidonia was such a species that was important in the Mediterranean.
Continuing on this theme Bill Silvert replied that some species are vital to the functioning of
ecosystems, and we should conserve them for that reason. Other species are attractive to us
and their presence enhances our quality of life - these are commonly referred to as charismatic
species. And we have the political goal of gaining public support for ecological goals. One
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way of doing this is to fight for the concept of biodiversity and argue that all species need to
be conserved, but this is a pretty crude tool. He then argued against the thesis that the
determination of the "value" of different species can be determined solely by ecological
experiments. There are a lot of factors to be considered, and at some point I think that these
need to be identified and discussed in detail. A quick list he suggested was:

What does it (the species of interest) do?
How important is this role?

Can some other species do the same thing?
Does it have intrinsic value to man?

Is it aesthetically desirable?

Finally Bill raised the issue of making proper risk assessments for the loss of marine species,
a view that was supported by John Gray who felt that risk assessment was a severely
neglected aspect of marine biodiversity studies.

Do we agree that if we conserve the habitat we conserve the species therein so habitat
conservation should be a priority in the marine environment? Miquel Alcaraz (Inst. of Marine
Sciences, Barcelona) agreed that conservation of habitats was the way to conserve species and
pointed out that in terrestrial systems fragmentation of habitats was the main cause of species
loss. This view was echoed by Ferruccio Maltagliati, who added that conservation of
biodiversity must also take account of the ecological and evolutionary processes that have
generated it. So that habitat conservation alone was not enough. In other words, some species
have requirements that cannot be satisfied by the conservation of only one or a few habitats or
biotopes. But, Martin Attrill (University of Plymouth, UK) questioned that the same
phenomenon was as important in marine habitats. He argued that in an open system with most
species dispersing as young in the plankton, islands of habitat are still completely
interconnected and so it could be argued that fragmentation in the marine environment does
not create 'islands' in the sense that we know them on land. Whilst conceding that
fragmentation of, for example, sea-grass beds will reduce available area and increase edge
effects, he questioned that it would really isolate species or populations from others in similar
sea-grass islands and cautioned against extrapolating conservation methods and priorities
from the land into the sea.

However, Alcaraz and Gray counter-argued that there was strong recent evidence that even
species that appeared to be adapted for widespread dispersal did not in fact do so. Data on
barnacle and fish larvae showed much more limited dispersion patterns than one might
predict.

Raising a new topic Dov Por argued that we should first of all deal with the "Blank spots",
areas that are insufficiently known such as The Pelagian Sea, or the Syrte Sea in south-central
Mediterranean. In reply Martin Attrill suggested that the danger is the gaps will never be truly
filled in, or by the time they are it is too late to protect vulnerable known systems. Can we
ever know much about the deep ocean, including areas of the Mediterranean? He concluded
that due to the way pressures on marine systems are increasing procrastination is not an
option!

There was also an interesting side-debate on the ecological impacts of aquaculture, but this
had little relevance to the main topic biodiversity of the Mediterranean and Black Seas!
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The unknown: Identification of the critical information gaps -
Information gaps for important fish and invertebrates resources and
impact of introduced and/or immigrant species; information gaps on

species/area relationships in the Mediterranean and the Black Sea;
information gaps concerning important habitats in different
geographic regions

Roberto Danovaro

Polytechnic University of Marche: Faculty of Sciences: Department of Marine Sciences. Via
Brecce Bianche. 60131 Ancona. Italy

Problems and gaps in the knowledge of Mediterranean biodiversity
Why studying gaps in Mediterranean biodiversity?

The Mediterranean Basin is the largest of the world's five Mediterranean-climate regions,
stretching east to west from Portugal to Jordan and north to south from northern Italy to the
Canary Islands. Surrounding the Mediterranean Sea, the hotspot's 2,362,000 square
kilometres, including countries (e.g., Italy, Spain, France, Greece, Israel), is rich of scientific
history on the relationships between humans and the sea.

The Mediterranean Sea is a potential example for an excellent study system. There are several
attributes of the Mediterranean Sea, not the least of which is its attraction to all mankind, that
make it the perfect site for conducting both large scale and small scale research projects in the
field of biodiversity. In this regard Rachel Noble pointed out that the Mediterranean Sea
should be considered as an optimal model study site for marine biodiversity due to its
concentration of the overall characteristics (human population, non point source inputs,
response to climate-related warming and trends, and importance to a wealth of societies).

The Mediterranean is the “cultural basin” where the first experts of biodiversity were born
(e.g., the Zoological station of Naples, Banyuls-sur-mer, Villefranche sur mer, the Museum-
laboratory-of the Aquarium of Monaco, Barcelona). For such historical reasons and for the
scientific effort provided into the study of the marine species, the Mediterranean could be the
best-studied basin of the world. It is therefore not surprising the large number of species
encountered (leading to a high species richness for the Mediterranean region) and the high
percentage of endemism.

Because of its long history and strong anthropogenic impacts, the Mediterranean often
anticipated environmental problems (e.g., eutrophication, mucilage, impact of fish farming
known since Romans’ Empire), which appeared in other world’ seas decades if not centuries
later. For example, the Mediterranean is well known for the presence of strong nutrient
gradients. Such gradient of trophic conditions is optimal for testing the hypothesis of a
trophodynamic control of biodiversity.

The Mediterranean Sea is also a good example system for addressing a variety of issues,
including the role of temperature in controlling biodiversity and life strategies of marine
organisms (as the Mediterranean is a warm sea at temperate latitudes, where deep-sea
temperature is always above 12.8°C). The much faster response of the Mediterranean to
climate change, make this system as a model for investigating biodiversity response to direct
and indirect effects of temperature changes.
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1. Overall gaps of knowledge on Mediterranean biodiversity. We still do not have sufficient
information for defining the “big picture” of the problems and implications of biodiversity
conservation in the Mediterranean. This makes evident that our knowledge of Mediterranean
marine biodiversity has a very "limited value", because we are not able to translate our
scientific information into precise indications and guidelines to support adequate political
decisions. Is this because we did not investigate marine biodiversity in the right way?
Simonetta Fraschetti suggested that such “limited value” of our knowledge of Mediterranean
biodiversity can be interpreted in two ways. The first aspect is certainly linked to a problem of
translation from science to opinion and policy makers (more than 60 Marine Protected Areas
have been established in the Mediterranean without any detailed knowledge of the
distribution of population, assemblages and habitats to be protected). Secondly there is a
matter of approach: the effectiveness of existing MPAs has been often evaluated without the
use of sound experimental designs with the consequence that for most of them we still do not
know if they work or not. Simonetta Fraschetti also pointed out that the North Sea has been
studied as extensively as the Mediterranean Sea (and maybe since longer adopting
quantitative methods and sound experimental designs) but is far from having the same
richness of the Mediterranean area. However, John Gray suggested to take account of the age
of the Mediterranean and North Sea in an evolutionary context. The North Sea was land just
10,000 years ago and is shallow with fairly uniform sediment types. So it is not surprising that
it has low richness. On the Norwegian continental shelf we have 2,500 species in soft
sediments and probably 5,000 in total. There is no reduction in number of species to the
Barents Sea, which is species rich. The Mediterranean should be more species rich due to it
having been relatively undisturbed by ice ages. It would be nice to have comparative studies
to compare richness and molecular clocks of key organisms. Ferruccio Maltagliati suggested
that aspects of the evolutionary/historical context invoked by J. Gray can be found in the
Northern Adriatic Sea, whose age is comparable to that of the North Sea. Northern Adriatic,
in fact, was emerged during last ice age due to the sea-level low stands (about -120m). Thus,
the present day marine communities of that area originated from re-colonisation from the
south. It would be interesting, as suggested by JS Gray, to compare richness and molecular
clocks of key organisms from the Mediterranean and North Sea, also including North
Mediterranean samples.

The Mediterranean sea suffers of a major lack of information especially on global deep-sea
biodiversity. There are just few studies that reflect specific programmes and cover only few
taxa on small spatial scales. This also reflects the lack of adequate financial support for deep-
sea investigations.

Nelly Sergeeva summarised the knowledge on biodiversity in the bottom sediments bathyal
and bathypelagial of the Black Sea. From the moment of founding the hydrogen sulphide
zone in the Black Sea and up to the present time they considered, that its depths are lifeless:
there is no life in the hydrogen sulphide region except microbial. During entire century
lifelessness of deep hydrogen sulphide zone in Black sea is being accepted by the world
science as an axiom. This played a decisive role in the planning of hydrobiological studies in
the Black Sea only to the depths. Inasmuch as bathyal bottom sediments as benthic life
biotopes were neglected by hydrobiologists, three zones were recognised in the Black Sea
depending on the occurrence of different dimensional and ecological groupings of
zoobenthos. The first, from tide mark to 120—150-m depth, is inhabited by macro- (> 1-2
mm), meio- (1-0,1 mm) and microbenthic (< 0,1 mm) organisms. The second, from the 120-
150-m to 250-300-m depth, is occupied by meio- and microbenthos. The third, from the 250-
300-m depth to the greatest depth, is where only bacteria dwell. Investigations of the
deepwater bottom sediments (40 stations) of the Black Sea at a range of 470-2250 m depths
revealed that benthos of the anaerobic zone was partially represented by usual Black sea
species, characteristic for the shelf zone, and by hydrobionts, earlier unknown for the Black
Sea and for science. About 40 species of benthic organisms from Ciliata, Nematoda,
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