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Preface

We know very little about the biodiversity in the world's oceans. But one thing is sure:
the diversity of the type of data and information that is stored in data systems around the
world is increasing dramatically. In two important meetings, the first in Hamburg in
1996, the second in Brussels in 2002, biologists have discussed how to take an example
from the physical oceanographers, and to formulate plans on how to work together to
integrate individual databases. Developments in technology have made possible new
approaches to data sharing and dissemination. Distributed databases are becoming a
reality, and the advantages of a distributed system now far outweigh the extra cost of
technical complexities to create them.

The International conference on Marine Biodiversity Data management ‘Ocean
Biodiversity Informatics’ was held in Hamburg, Germany, from 29 November to 1
December 2004. Its objective was to offer a forum to marine biological data managers to
discuss the state of the field, and to exchange ideas on how to further develop marine
biological data systems. Many marine biologists are actively gathering knowledge, as
they have been doing for a long time. What is new is that many of these scientists are
willing to share their knowledge, including basic data, with others over the Internet. Our
challenge now is to try and manage this trend, avoid confusing users with a multitude of
contradicting sources of information, and make sure different data systems can be and
are effectively integrated.
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Ocean Biodiversity Informatics — an emerging field of
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Abstract

‘Ocean Biodiversity Informatics’ (OBI) heralds a new era in biological research and management
that is revolutionising the way we approach marine biodiversity research. OBI uses computer
technology to manage marine biodiversity information (capturing, storing, searching for,
retrieving, visualising, mapping, modelling, analysing and publishing data). This allows more
users better and faster access to biodiversity information than ever before. The global nature of
phenomena such as climate change, over-fishing, and other changes in ecosystems, would not have
been recognised had it not been for informatics-aided analyses.

The prospect of data mining and exploration on a global scale is enough to gladden the hearts of
marine scientists across the world, as marine biology embraces the computer age. Access to global
data through OBI will allow for worldwide gap analysis resulting in new perspectives on current
research, the promotion of collaborations between research groups and real data sets for teaching
purposes, to mention just a few of the potential benefits. OBI is an initiative of the 21st century
and will make conventional marine biodiversity research more dynamic and comprehensive, with a
range of constantly evolving online tools.

Background

We know very little about the biodiversity in the world’s oceans. But one thing is sure:
the diversity of the type of data and information that is stored in data systems around the
world is increasing dramatically. While well-managed databases with global coverage
used to be restricted to geophysical sciences, this is no longer true. In two important
meetings, the first in Hamburg in 1996, the second in Brussels in 2002, biologists have
discussed how to take an example from the physical oceanographers, and to formulate
plans on how to work together to integrate individual databases. In the workshop held in
Hamburg in 1996, discussions were held on how to improve the quantity and quality of
chemical and biological data available to the scientific community. The specific purpose
of the workshop was to provide recommendations to guide management of chemical and
biological oceanographic data by the Programme on International Oceanographic Data
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and Information Exchange (IODE) of the Intergovernmental Oceanographic
Commission (I0C).

Biological data managers met with their physical oceanography colleagues during the
‘Colour of Ocean Data’ symposium held in Brussels, 25-27 November 2002. While it
was realised there that the needs of biological data managers were different from those
of physical oceanographers, it was stressed that commonalities are more important than
differences. Some applications were presented that demonstrated the power of
collaboration across disciplines.

Data on marine species and their environment (be it regional or on a global scale) is the
‘fuel’ on which OBI operates and therefore complements the traditional disciplines of
taxonomy, ecology and biogeography. However, many scientists are ignoring pleas from
international scientific organisations, including the International Council for Science
(ICSU), to make their data public. The irony is that most data collections are paid for,
directly or indirectly, by public funds. Taxonomists have led the way with regard to
public accessibility of data, as type specimens are lodged in museums for the common
good. Molecular sequence data is to be submitted to international repositories, where the
data is publicly available, before research on these sequences is accepted for publication
in scientific journals. It is suggested that there should be a protocol for scientists where
ecological data would be made available in a similar way. OBI will make more data
available to more people more quickly than ever before, including the repatriation of
data and information collected in developing countries.

A change in biological science culture to one of open access to primary data is essential
for accountability of research. A greater recognition of the value of biodiversity data
accessibility by the scientific community, publishers, funding agencies and employers is
vital. This change in culture is currently underway. Many marine biologists are actively
gathering knowledge, as they have been doing for a long time. What is new is that many
of these scientists are willing to share their knowledge, including basic data, with others
over the Internet. The World Wide Web makes it easy and cheap to share data in a global
community. It is compared to the invention of printing centuries before, and like it, will
bring more information and opportunities for discovery to people all over the world. Our
challenge now is to try and manage this trend, avoid confusing users with a multitude of
contradicting sources of information, and make sure different data systems can be and
are effectively integrated.

Meta-databases and other methods of data discovery will certainly gain more and more
importance as the number of studies, and the number of scientists conducting these
studies, increases. Such methods of data discovery, and better communication between
and among scientists and data managers, are essential for avoiding unnecessary
duplication of effort. Comprehensive inventories of collected data should facilitate
projects of data archacology and rescue, and make sure knowledge about the existence of
data does not disappear.

One of the most challenging aspects of any informatics system is quality assurance. This
is particularly important when you consider all the possible uses to which data can be
put, and the number of steps from the original point of data collection to the end use.
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However a data or information system is designed, its continuity and development
depend on support from the scientific community. This community includes
contributors, evaluators of funding applications, users and science policy makers. While
not long ago it was difficult to find any information at all, now the Internet user is
confronted with a large number of possible sources, but without an indication of the
quality of the proffered information. Again, metadata can play a role in this; it should
contain information on who collected the data, and for which purpose. The first can be
an indication of quality, or lack thereof. The latter can be an indication of ‘fitness for
use’, i.e. an evaluation of whether the data would be suitable for a particular analysis.

Integrating data from different sources brings its own set of problems. One very
important aspect is that one has to make sure that the same terms are used in the different
component datasets — for taxonomy, geography and measured parameters. Several
initiatives exist to compile lists of taxonomic names — some for specific taxa, or for a
restricted geographical area, some global in geographic and taxonomic scope. In order to
facilitate data integration, we need a world register of marine organisms, containing all
taxonomic names, including recent synonyms and often-used misspellings. Such a
register, of which the content should be managed by the taxonomic community, would
allow ‘translating” between different sets of names now in use for different data sets.

Developments in technology have made possible new approaches to data sharing and
dissemination. Distributed databases are becoming a reality, and the advantages of a
distributed system now far outweigh the extra cost of technical complexities to create
them. The Census of Marine Life (CoML), and its data management programme Ocean
Biogeographic Information System (OBIS), is making this happen for marine
biogeography. The Ocean Biogeographic Information System (www.iobis.org) is already
publishing almost 10 million location records for 61,000 marine species from a global
network of over 100 databases. OBIS is the information component of the Census of
Marine Life, the largest cver global marine biology discovery programme
(www.coml.org).

The main challenge is now to remain in control of developments, and not to let OBI
become technology-driven. Obviously, recent technical developments should be
monitored, and implemented when they bring a significant improvement, either in
efficiency or in functionality. But what we do is much more important than how we do
it. The real issues for data management are standardisation, collaboration and enabling
knowledge-based decision-making.

OBI, the conference

The conference topics were restricted to marine biological data management — taxon-
based, biogeography but also environmental, non-taxon based data management.
Specific objectives were to

e Learn how and why researchers have used large-scale marine biodiversity
databases to make major discoveries about the functioning and state of ocean
ecosystems.


http://www.iobis.org
http://www.coml.org
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¢ Bring together biological data managers to discuss the present state, and progress,
in this field since the meetings in Hamburg (1996) and Brussels (2002).

e Discuss standards and protocols for data exchange. Take note of new
developments such as Distributed Generic Information Retrieval (DiGIR) and
OBIS, and discuss how this will influence biological data management in general.

¢ Provide an opportunity for biological data managers to find out what is happening
at IODE National Oceanographic Data Centres and marine research agencies from
around the world.

o Discuss potential gaps and overlaps in the taxonomic and geographic scope of
existing data systems. How can we, as a community, ensure that we are covering
the whole field, and that no taxonomic groups are left behind? How can we make
maximal use of resources, and avoid overlaps?

e How do we integrate data from separate databases into large datasets that will
enable us to provide answers on the global cover and long time scales that we
need?

The conference was organised as a series of five consecutive thematic sessions, with a
final session dedicated to a panel discussion. Each of these thematic sessions had a
corresponding poster session. In an opening session, several acknowledged experts were
asked to review the field. Themes for the sessions were

Opening session

Information system development
Taxon-based systems:
Geography-based systems
Analysis

Panel discussion:

o  What is our target audience, and how effectively are we reaching it?

o How do we integrate individual databases into datasets that allow large-
scale, long-term analyses? What is the role of international organisations
such as the International Council for the Exploration of the Sea (ICES),
the IOC and the Food and Agriculture Organization of the United
Nations (FAQ) in this? What is the role of CoML and OBIS, and of
GBIF? Which others have a role to play?

o How do we avoid overlap and duplication of effort? How do we avoid
gaps in taxonomic/geographical coverage?

o  What mechanisms are we using now, or do we plan to use in the future,
to disseminate data? What should we do to persuade data providers to
make their data available?

All sessions had ten oral presentations, except for the opening session with three
scientific presentations, and the session on Analysis with 11 speakers — a total of 44 oral
scientific presentations. In parallel, there was a permanent poster sessions, with a total of
56 poster presentations. A full list of titles of all presentations and posters is given on
page 13.
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During the opening session, participants were welcomed by Prof. Dr Peter Ehlers,
President of the Federal Maritime and Hydrographic Agency (BSH), Hamburg/ Rostock.
In his address, Dr Ehlers stressed the importance of integration of information over
different disciplines; we have to optimise marine data management, not only biological
data, but tough a multi-disciplinary approach. Mrs H. Imhoff welcomed the participants
on behalf of the German Federal Ministry of the Environment; it was thanks to the
financial support of her Ministry, and her own personal interest in this matter, that we
were able to use the nice conference facilities. Mrs Julie Gillin, Data Manager of ICES,
and Mrs Lesley Rickards, Chair of the International Oceanographic Data and
Information Exchange programme of the Intergovernmental Oceanographic Commission
(IOC/IODE) addressed the meeting and stressed the importance of this conference for
their respective organisations. Dr Mark J. Costello and Dr Edward Vanden Berghe
reviewed the objectives of the meeting, and discussed expected outcomes.

The second part of the opening session consisted of three scientific talks, giving a broad
overview of different aspects of OBI. Arthur Chapman gave a review of issues of quality
control and the principles of data quality; he discussed the concept of ‘Fitness for Use’,
meaning that data perfectly acceptable for one purpose might be useless for another.
Donald Hobern of the GBIF Secretariat talked about new and existing technologies for
data integration using distributed systems — the basis of emerging global systems for
biodiversity information. The third review was from Dr Daniel Pauly, on fisheries
impact on global marine biodiversity and ecosystems. In his talk, Dr Pauly illustrated
how large, integrated datasets can bring insights that can’t be learned from individual
datasets.

The main point of discussion during the Panel Discussion was about the advantages of
data sharing, and mechanisms to stimulate data custodians to make their data openly
available. A draft text had been circulated from the beginning of the conference, and was
edited during this final panel session. The resulting text was approved by all participants
of the meeting, and is reproduced in this volume.

There were 168 participants in the conference, coming from 39 different countries; the
complete list can be found on page 8. Not unexpectedly, best represented was Germany
with 38 participants. This, together with the generous support from the German
Government and the host institution, clearly demonstrate that OBI is taken serious in
Germany. The US and UK were runner-up with 19 and 18 participants, respectively.
Financial support from the EU made it possible to invite people from developing
countries, and brought us participants from India, Mauritius, Seychelles, Tunisia and the
Philippines. Extra support from the World Data Centre for Oceanography, Silver Spring,
allowed us to support participants from South America.

Several papers, based on presentations or posters of the conference, were published as a
Theme Section of the Marine Ecology Progress Series (Vol. 316, 2006). The table of
contents of the Theme Section is given on page 18. Thanks to financial support from
MarBEF, all papers in this Theme section are Open Access, and can be freely
downloaded from the internet, either from the site of MEPS (http://www.int-
res.com/abstracts/meps/v316/), or from the MarBEF web site
(http://www.marbef. org/modules.php?name=moa&lvl=Ref& section=1&refid=100285).
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All conference presentations, publications and other documents remain available on the
site of the Flanders Marine Institute (VLIZ)(http://www.vliz.be/obi).

Organisers

Local host: Bundesamt fiir Seeschifffahrt und Hydrographiec (BSH, Germany)
Organising committee: Maren Fabricius (BSH), Edward Vanden Berghe (IOC/IODE
and VLIZ), Peter Pissierssens (IOC/IODE), Mark J. Costello (OBIS), Friedrich Nast
(BSH)

Scientific Committee: Mark J. Costello (OBIS), Fred Grassle (CoML), Syd Levitus
(World Data Centre for Oceanography, Silver Springs), Peter Pissierssens (IOC/IODE),
Tony Rees (OBIS), Lesley Rickards (British Oceanographic Data Centre, Chair I[ODE),
Edward Vanden Berghe (VLIZ, Chair [ODE GE-BICH), Sunhild Wilhelms.


http://www.vliz.be/obi

Ocean Biodiversity Informatics conference statement
Hamburg 1 December 2004'

We note that increased availability and sharing of data:

e is good scientific practice and necessary for advancement of science,

¢ cnables greater understanding through more data being available from different
places and times,

e improves quality control due to better data organisation, and discovery of errors
during analysis,

e secures data from loss.

The advantages of free and open data sharing have been determining factors while
developing the data exchange policy of the Intergovernmental Oceanographic
Commission of UNESCO.

We call on scientists, politicians, funding agencies and the community to be proactive in
recognising data's:

overall cost/benefit,

importance to science,

long-term benefits to society and the environment,
increased value by being publicly available.

We also call upon employers of scientists, academic institutions and funding agencies
and editors of scientific journals, to:

e promote on-line availability of data used in published papers,

e promote comprehensive documentation of data, including metadata and
information on the quality of the data,

o reward on-line publication of peer reviewed electronic publications and on-line
databases in the same way conventional paper publications are rewarded in the
hiring and promotion of scientists,

e cncourage and support scientists to share currently unavailable data by placing it
in the public domain in accordance with publicly available standards, or in
formats compatible with other users.

! A draft of this statement was first circulated at the beginning of the conference. This draft was presented and
commented upon by all the conference participants during the last session, and during a final consultation
through e-mail.
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Developing OBIS into a Tool to Provide Reliable
Estimates of Population Indices for Marine Species
from Research Trawl Surveys

Robert M. Branton' and Daniel Ricard?

'Bedford Institute of Oceanography
1 Challenger Drive, Dartmouth, Nova Scotia, Canada B2Y 4A2
email: BrantonB@mar.dfo-mpo.gc.ca

*Dalhousie University, Department of Biological Sciences,
1355 Oxford Street, Halifax, Nova Scotia, Canada, B3H 4R2

Abstract

Research trawl surveys from Canada's Department of Fisheries and Oceans (DFO) and the US
National Oceanographic and Atmospheric Agency (NOAA) are used as a basis for developing a
road-map to prepare research trawl surveys in general for public access via systems such as Ocean
Biogeographic Information System (OBIS). Data quality issues associated with surveys includes
validation of species names, treatment of zeros, data standardization techniques and provision of
confidence limits. Suggestions to improve the OBIS system include support for summary statistics
and length classes as well as addition of a gazetteer facility. The Bedford Institute of
Oceanography's recently established OBIS provider service is also described.

Keywords: fisheries; trawl surveys; OBIS schema; data quality control.

Introduction

Traditional research trawl surveys (Doubleday and Rivard, 1981) are species rich (100s)
with analysis focused only on commercial species (~10s). Recently other species (e.g.
mega-invertebrates) have been added to sampling protocols thus enabling investigation
of ccosystem issues (DFO, 2003). Current expectations are that the Ocean
Biogeographic Information System (OBIS) will provide a basis for interoperability of
these data with other scientific disciplines (Grassle, 2000). Using Canada's Department
of Fisheries and Oceans (DFO) and the US National Oceanographic and Atmospheric
Agency (NOAA) research trawl surveys we provide a basic road-map for preparing
research trawl survey data sets for public access via systems such as OBIS. This
presentation focuses on: DFO/NOAA trawl surveys, trawl survey data quality issues, and
ways to improve OBIS. A description of the new OBIS provider service located at the
Bedford Institute of Oceanography (BIO) is also given.
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Methods

DFO and NOAA have been collecting data from standardized research trawl surveys on
the east coast of North America since the 1960s and have considerable local expertise
and software for preparing resource assessments from these data. The first significant
effort to integrate these data for biogeographic studies was in 1995 as part of the East
Coast North America Strategic Assessment Project (ECNASAP) (Brown ef al., 1996).
Amongst other things, the ECNASAP project integrated basic survey catch data
(numbers and weights) from 5 fisheries laboratory databases (Table 1), providing
observations on 276 species from ~50,000 fishing sets for the period 1970-95. Although
the surveys are ongoing, this dataset has not been updated since ‘95 and is presently only
available on Compact Disk from project principals as a 300+ column flat file.

Table 1. The ECNASAP project integrated data from 5 fisheries laboratory databases for
the period 1970-95.

Laboratory Laboratory Location OBIS Collection
Code

North Atlantic Fisheries St. John's, Newfoundland, Canada  DFO-NFLD

Centre

Maurice Lamontagne Mont-Joli, Québec, Canada DFO-NG

Institute

Bedford Institute of Dartmouth, Nova Scotia, Canada DFO-SF

Occanography

Gulf Fisheries Centre Moncton, New Brunswick, Canada  DFO-SG

Northeast Fisheries Science  Falmouth, Massachusetts, USA NMFS-NEFSC

Center

In 2002, BIO’s Scotian Shelf Summer survey data was temporarily placed directly on the
OBIS portal as an interim measure until a permanent OBIS provider service could be
installed at BIO. Since 2002, BIO has developed a relational database version of the
ECNASAP data for local research as well as for serving to OBIS and the ‘Gulf of Maine
Ocecan Data Partnership’. These efforts are expected to provide a basis for DFO and
NOAA to develop publicly accessible and near real-time links to all of their ongoing
surveys. Providing public access to other than the basic survey catch data presently
contained in the ECNASAP dataset will require careful attention to trawl data quality
issues and to extending limits of the present OBIS schema.

Results

Following are the major issues to be considered when preparing data such as the
DFO/NOAA and ECNASAP research trawl surveys for systems like OBIS.

Species list validation

OBIS uses the Species 2000 Catalogue of Life (CoL) annual checklist CD-ROM as its
basis for validating species names. All OBIS providers are therefore recommended to
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use this same CoL checklist to find the most current scientific names and hierarchies for
species contained in their databases. The CoL checklist is available online from
http://www.sp2000.org/. A preliminary comparison between the ECNASAP species list
and the Integrated Taxonomic Information System (ITIS) database, which is part of the
CoL database, indicates that approximately 50 of 276 species names in the ECNASAP
database are either obsolete or incorrectly spelled. Local taxonomists and survey staff
should review discrepancies in the local lists and make corrections where appropriate.
They should also note which species are difficult to identify or not routinely sampled.
The taxonomic hierarchy data are particularly useful as they can be used to prepare
cumulative discovery curves (Costello, 1996) for each hierarchy level. This type of
analysis can help identify new species appearing as a result of protocol changes from
those appearing as a result of environmental changes.

Taking care of zeros

Fisheries surveys are primarily intended to provide observations (e.g. numbers and
weights) for species captured in the sampling gear. Absence of a species is not recorded
during surveys and hence not recorded in the trawl survey database. Fisheries analysts
work with well documented pre-established stock area definitions and employ database
queries and analysis programs that automatically generate ZERO (0) for the missing
data, as opposed to NULL values. ZERO is interpreted as the absence of a surveyed
species from a trawl, and would be included in calculations of averages; a NULL value
would signify that no information is available, and would be omitted from any further
analysis. Survey species lists must also include these established stock area definitions
(e.g. lists of survey strata) thus providing a clear indication of when and where fisheries
analysts are interpreting the missing data as ZERO.

Adjusted v. standardized observations

The probability of a particular organism being retained in a research trawl depends on
many factors, not least of which are fishing vessel and gear used. Data contributors
should provide distinct survey series names (e.g. OBIS-Collection Code) for each unique
survey vessel, sampling gear, stratification plan, and season combination. Given that
good data management practices dictate that data be stored as they were recorded,
observed values (e.g. observed individual count and weight at length, sex and maturity)
given to end-users or to systems such as OBIS should be automatically adjusted by
sampling ratio (i.e. total/sample). Adjusted numbers-at-age from sampled materials (e.g.
otoliths and scales) should be based on stock specific age-length keys (e.g. proportion at
age for given length). Observations from sets where gear has been damaged although
containing rare organisms should not be given to users expecting adjusted results. End
users should be further aware that not all fisheries laboratories routinely standardize their
observed values for distance towed (e.g. standard/observed) or species for catchability
by gear (e.g. proportion caught at length). Databases should include sufficient metadata
to clearly indicate how the data at hand have been adjusted and standardized.
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Confidence limits

The DFO and NOAA rescarch trawl surveys discussed here all follow the same basic
stratified random design. Relative indices such as ‘average per standard tow’ should
include variance or standard error. Absolute estimates such as ‘total biomass’ and ‘total
abundance’, if presented, should be peer reviewed and given with Internet links to
citable publications (e.g. Canadian Science Advisory Secretariat - http://www.dfo-
mpo.gc.ca/CSAS/).

Recommendations

These recommendations are for improving the OBIS system as a whole. Extending the
schema by providing support for area summaries (e.g. number of observations and
variance) at the same time as allowing for more details (e.g. length, parent catalog
number) is intended to broaden the range of information and products conveyed to the
public.

Add new keywords to existing schema concepts

e Basis of Record - stratum average, stock estimate.
o Locality — stratum, ecozone, grid square, stock area ...
o Life Stage — maturity stage, age class.

Add new schema concepts

e  Number of Samples and Sampling Units in Locality.
e Length Class of Observed Individuals.
e  Variances or Error Estimates for Observed Individual Count and Weight.
e Parent Catalog Number for stomach contents and parasites.
Add new schemas

e (Collection metadata — descriptions of vessels, gears ...
e Gazetteer — stratum, ecozone, grid square, stock areas

Enhance end-user interface

DFO Maritimes routinely provides a variety of publicly available survey based data
products (Branton and Black, 2003). The OBIS portal should consider providing a range
of mapping products including collection based multi-species mapping and reporting
using expanding pic symbol maps (e.g. multiple species on one map). Observations for
multiple species should be optionally given by row or column, with missing values being
given as zeros or nulls. In addition to set by set catch data, OBIS should also provide
summary statistics by stratum, ecozones, etc. Methods that enable species catchability
standardization should also be investigated.
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Regional Scale DiGIR Sevices

The Global Biodiversity Information Facility (GBIF) and OBIS networks use the
Distributed Generic Information Retrieval (DiGIR) protocol and the Darwin Core (DwC)
schema including Darwin Core 2 (Dw(C2) and OBIS variants. DFO has established a
regional-scale DiGIR server at BIO to enable near real-time posting of multiple datasets
to the OBIS portal. BIO's DiGIR service sits within a specially controlled portion of the
DFO firewall known as the Demilitarized Zone (DMZ) allowing limited connections
with a controlled set of known partners. Inputs include small scale specialized databases
(e.g. Atlantic Conservation Data Centre) provided via the File Transfer Protocol (FTP)
and large institutional scale databases (e.g. DFO Maritime and North East Fisheries
Science Center trawl surveys) via the Oracle SQL*net protocol. The only output from
the DiGIR provider service is XML-formatted data sent to OBIS portal’s global cache.
Data flow into and out of the DiGIR provider service is in the form of pre-scheduled
transfers, with all of the public queries handled by the OBIS portal. The OBIS portal
manages all movement of data to the GBIF portal.

Conclusion

The suggested improvements provide a systematic basis for ongoing enhancement and
extension of the OBIS schema and interface. Improved ability to integrate data from
disparate sampling schemes would in turn provide a capacity to derive
population/community indices of abundance, diversity, production, etc. around the
world. Trophic cascade models using trawl survey and Continuous Plankton Recorder
(CPR) data being developed for the Scotian Shelf (Choi ef al., 2004) could, for example,
be tested in the North Sea.
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Abstract

In the past decades the Catalonian coastal area (Mediterranean Sea) has been subject to an intense
human pressure due to the high concentration of activities and settlements. Although some of the
impacts are evident others are not, or have not been studied in detail in this region. In the present
study we evaluate the environmental quality of the coastal/marine area through the coastal
ichthyofauna diversity and distribution. We attempt to assess the potential influence of such
activities on fish species identified as state indicators. This was done by identifying a number of
land-originated indicators of pressure and relating them with their impact on fish. Special interest
was paid to rare and special concern species that occur on Catalonian littoral waters.

We developed a spatial system that is based on a georelational database model and implemented
on a Geographic Information System (GIS) environment. The GIS final application provides
database maintenance, analysis and visualization capabilities to the information system. The data
model has three areas: biodiversity, physico-chemical environment and pressure/impact
descriptors. The biodiversity area is based on species presence/absence occurrences and related to
their ecological and conservation attributes. The physico-chemical area is based on marine
environment dynamic variables. Pressure and impact descriptors are based on different data
features and produced with impact extent algorithms proposed by the authors. In the three areas,
features on spatial layers were attributed with behaviours as natural as they are supposed to be
found in nature and/or anthropogenic environments. Fish spatial representation and ecological data
were specially related using ecological domain attributes or relations on GIS. This design provides
to the database a more natural relationship among elements and environmental responses.

Keywords: Spatial database model; GIS; ichthyofauna; bioindicators; coastal zone environment.

Introduction

In its Plan of Implementation, the 2002 World Summit on Sustainable Development
(WSSD) endorsed The Hague Ministerial Declaration of the Sixth Conference of the
Parties to the Convention on Biological Diversity (CBD, 2003) that committed them “to
achieve by 2010 a halt of biodiversity loss at global, regional and national level as a
contribution to poverty alleviation and to the benefit of all life on earth” (UN, 2002).
There are a number of initiatives to assess the state of the world’s biodiversity who are
making progress in order to accomplish the 2010 target. One of the most prominent is
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the Millennium Ecosystem Assessment (2004), which uses the approach of ecosystem
services and is currently reviewing the status and trends of biodiversity. Critical to the
success of this and similar initiatives is the development of the biodiversity informatics
emergent discipline (for a complete description see Canhos et al., 2004). This field has
great potential in diverse realms, and represents the conjunction of efficient use and
management of biodiversity information with new tools for its analysis and
understanding.

There are several global and regional efforts that contribute to the development of
biodiversity informatics by aiming at organizing data stakeholders and making data
available for conservation and sustainable development research. This is the case of the
Global Biodiversity Information Facility (GBIF), that since its creation in 2001 has
promoted, in conjunction with its partner network (nodes), the development and
adoption of standards and protocols for documenting and exchanging biodiversity data.
At present, GBIF constitutes the larger biodiversity data access through its Internet
portal (www.gbif org).

Likewise, several legal and scientific motivations have emerged and lead to a better
understanding of the coastal-marine environment at global and European level. The most
relevant global biodiversity informatics initiative is the Census of Marine Life
(www.coml.org), that constitutes “a growing network of researchers in more than 45
nations engaged in a 10-year initiative to assess and explain the diversity, distribution
and abundance of life in the oceans - past, present, and future” (OBIS, 2005). In order to
explain the complex ecosystem dynamics, new initiatives are focussing on the link
between biological diversity and ecosystem functioning. In Europe the two main
networks that deal with such activities are: the Marine Biodiversity Research in Europe
(now finished; www.biomareweb.org), and the Marine Biodiversity and Ecosystem
Functioning EU network of Excellence (www.marbef.org).

Geographical research on the role of marine biodiversity in ecosystem functioning
normally depends on two data types related to the species in concern: taxonomic and
distribution. The analysis of these attributes demand high quality standardized data,
which are not always available, in contrast to data depth and breath that have become
available mainly through the Internet. To our knowledge, besides scarce literature on a
few species, only a few distributional data can be found on electronic resources,
examples are the Ocean Biogeographic Information System (www.iobis.org), which is
the information component of the Census of Marine Life project, and the Sea Around Us
Project (www.seaaroundus.org) that focuses primarily on commercial species. Recently,
the ITUCN Red List provides comprehensive evaluation of ecology and distribution data,
providing a framework for assessing the coverage of species but only a few marine
species have been revised IUCN, 2005).

As can be seen, there is a new and emerging framework development for the study of
marine biodiversity and functioning of ecosystems. Our present work integrates some of
the conceptual approaches of the reviewed projects in order to develop an information
system spatial data model for assessing the ecological resilience of the coastal-marine
ecosystems. In the long-term, this project is expected to contribute to the assessment of
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the ecological condition of the Catalonian and Spanish coastal zone socio-economic
system.

Conceptual approach

Even though there is substantial evidence in the literature on how species diversity
enhances the ecosystem functioning, most of the model development has been done in
the terrestrial rather than the marine environment (see a revision in Loreau et al., 2002).
Ecosystem functioning is an abstract concept that can be conceptualized through some of
its properties, being stability a relevant one and a surrogate of the system’s equilibrium.
Similarly, the stability of an ecosystem can be measured by its resilience. The ecological
resilience measures the amount of energy required to move the ecosystem from one
organized state of structure to another organized state (Holling, 1973).

Commonly, ecosystems are in a transitional-unknown state which ideally is moving
forward to a desirable and more sustainable state. In this case, the change rate (energy
needed) is a dependent function of the system’s stability, which is also a function of the
prevailing structure and function. These are two basic characteristics of ecosystem
homeostasis across geographic scales, as presented in Fig. 1. Even though ecological
resilience has not been applied frequently in ecology until now (see work of the
Resilience Alliance: www .resalliance.org), it has been used “extensively” in its inverse
form: vulnerability. Carpenter et al. (2001), Peterson ef al. (1998) and other authors
suggest that resilience represents in an integral manner the condition of the entire
system, while structure and other functioning indicators (individually) represents only
one part of it. Accordingly, if the system has more stability then it is more balanced and
then it belongs to a better shape ecosystem group of the overall natural system.
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possible due to the resource and process mobile-linking behavior of this group (Lundberg
and Moberg, 2003). Complementarily, response is the property of the group that
provides the capacity to respond differently to environmental pressures or change, as
could be their reproduction diversity (Ives et al., 1999; Folke et al., 2002). These
properties will be considered as aggregative characteristics to form functional group
clusters.

The functions have been analyzed based on their role to improve ecosystem’s capacity of
reorganization after the disturbance. The specific structure attributes of fish to be used to
form clusters or functional groups are presented in Figure 2.

* Swimming mode
* Max weight
LINK « Total length

« Depth range

* Environment

*

* Reproduction type
* Growth *
MEMORY * Swimming mode

« Feeding habit

« Total length

* Reproduction type
* Growth *
RESPONSE « Feeding habit

« Depth range

*

* Group of parameters

Fig. 2. Fish functional groups and attributes.

Biodiversity data model

A data model is a basic template for implementing Information System projects, as well
as GIS projects. It basically deals with data inputting, formatting, geoprocessing,
sharing, creating maps, and performing analyses, among other tasks. A data model
provides a general framework for writing program codes and maintaining more
professional applications, and usually represents the scientific structure for data query,
model, visualization and discovery (ESRI, 2004). General taxon-based data models exit
widely, but little fundamental understanding of biodiversity - ecosystem functioning has
been accomplished with such applications. Sustainable use of biodiversity requires a
more holistic, multispecies and ecosystem-based approach, and such a level of
understanding of the distribution patterns and relations among species and the ecosystem
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needs to be based on a robust spatial biogeographical data model (Tsontos and Kiefer,
2003).

A Biogeographic Information System mostly focuses on the integration, analysis
visualization and discovery of species and environmental variables, such as biological,
physical and chemical. The spatial modelling capacities of the system will be established
by the data model definition and complexity, and determine its power to address one or
more of the next issues:

Biogeographic complexity

Role of biodiversity function
Ecosystem’s ecological condition
Conservation priorities and gaps
Monitoring/management tool for ICZM

Biogeographic Information System

The Biogeographic Information System was developed as a georelational database
model and implemented on a GIS environment. The spatial information system provides
maintenance, analysis and visualization capabilities to the data bases. The system main
modules are: marine biodiversity, environmental (physico-chemical) and socio-
economic. Spatial features of three modules were attributed with behaviours as natural
as they were supposed to be found in nature and/or anthropogenic environments, and
structured by several geo-ecological domains as habitats, sites (conservation) and other
tiling forms as distribution (species range), ecological communities and geopolitical
boundaries. See module structure in Figure 3. The design characteristics provide a
natural relationship among elements and environmental responses. The system also uses
a metadata module compliant with the FGDC standards.

A series of vector and raster spatial features were defined as part of the catalog of the
data model. Features were selected from other existing and successful implemented
ESRI GIS data models as the Marine Data Model (Oregon State, Duke University and
ESRI; homepage: http://dusk.geo.orst.edu/djl/arcgis/index. html) and the Biodiversity
Data Model (NatureServe and ESRI) (ESRI, 2004). Spatial features used in the
Biogeographic Information System are presented in Table 1.
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An assessment of the total resilience of the system will be based on the individual values
of the coastal benthic communities. In most areas fish is a well know biodiversity group;
and thus it is expected that the resulting spatial indicators and framework could be used
to promote more sustainable coastal strategies and actions at a global scale.

Conclusions

In this project we focused on biodiversity functions that contribute at system level and as
biotic integrators of ecosystem dynamics, since biodiversity can provide a number of
functions that has been proved to be necessary for ecosystem resilience. The resilience is
enhanced by the distribution of functional groups at within scale and across multiple
scales without meaning redundancy, but overlapping on time and space
(complementarily).

Building resilience can be a better management strategy of controlling the ecosystem, in
order to provide and/or maintain the ecosystem functions. A resilient ecosystem
constitutes a more stable state/condition, prevents disturb-enforced change and improves
the system components viability. Similarly, fish diversity is supposed to have beneficial
effects on the stability of the processes of the marine ecosystem, thus the identification
of taxa clusters will characterize their response to various environmental disturbances.

The developed marine biodiversity data model has integrated several designing and
implementation best practices from existing models. Although it has only been
implemented using fish diversity, we consider that a robust biogeographic data model
has been developed. Furthermore, it has been designed as a platform-independent
conceptual model, which provides a flexible template for other marine applications.

The development of spatial bioindicators can be better accomplished at a macro-
ecological level, since high detailed occurrence or distributional data is commonly
absent. We also found that the species-presence-only data in relation to the
environmental factors and coastal originated human impacts is scale dependent of the
biophysical model structure that has been defined. This can be integrated in a more
efficient data model through the behaviour definition of the spatial features that also
need to be structured by hierarchical domains. The design (modelling) of species
behaviours is directly influenced by data depth, breath and quality and determines the
implementation of the data conceptual model.
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Abstract

The Marine Environmental Database of the Adriatic Sea (MEDAS) serves for data management of
different types of oceanographic parameters. The system was constructed to capture historical as
well as real-time data and to make them available through the World Wide Web. A special
subsystem was developed for validation of various oceanographic parameters using IOC protocols
(I0C, 1993), as well as transforming data from/to different international formats.

Keywords: oceanographic database; historical and real-time data; data validation, data
assimilation; numerical models.

Introduction

In the framework of the Croatian National monitoring programme of the Adriatic Sea
MEDAS was developed using Oracle RDBMS, Java and ArcGIS tools. Its core is a
relational database that includes general information on oceanographic data, responsible
institutions, persons, etc. Further thematic subdatabases with measurement data related to
physical and chemical oceanography, biology and fisheries also form part of the system (fig.
1). MEDAS has improved our management of oceanographic data, including archiving,
dissemination, validation, visualisation and presentation of data through web pages in
both text and graphical formats (Dadic ef al., 1995; Ivankovic, et al., 2000).

A large volume of diverse oceanographic data has been stored in the database (more than a
million records). As they have been measured during more than a century, their distribution
in space (geographic position and layer in the water column) and time (year, season and
month) is haphazard (Zore-Armanda ef al., 1991; Levitus and Boyer, 1998; MEDAR-
MEDATLAS, 2002). Therefore, it was necessary to develop a procedure for data quality
control and appropriate validation flagging prior to data processing.

Retrieving data from MEDAS is simple, so the user can retricve any data in the
following two steps:

¢ Dbasic information about measured parameters (what, where, when, who, etc) can
be obtained by scarching the relational database
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¢ through a connection to the thematic databases to get information through various
menus. Depending on permissions, the user can access, insert or update records.

Creation of the database

The development of databases related to marine research is a specific task, in the first
place because of the special requirements of oceanographic science. Users need to have
casy and straight-forward access to the data, their derived parameters and their practical
application. The basic considerations for the creation of marine environmental databases
and secondary programmes are as follows:

e The majority of data have spatial and temporal components. The temporal
component is simple to query (query period from-to), but for the spatial
component it is necessary to develop a map interface to select data for analysis of
a particular arca

o The possibilities of research in a particular arca depend on the quality of the data.
To reach high-quality data, both human and material resources are needed. Data
must be well protected from corruption and misuse, but without hampering ease
of access for users

¢  While collecting data, it is possible to make different mistakes at various points.
Hence, it is very important to develop constantly improved qualitative validation
of data that will point to possible mistakes, hereby leaving the possibility for a
final decision by the user

e To report on collected data, different processes and procedures have been used. It
is very important to store these constantly changing procedures into a database.
That way faster reporting can be achieved, and more than one model can be
applied at the same time

e To present the results from the analyses it is necessary to develop a graphical
presentation in order to better show the interdependence of different factors
considered. The results have to be presented in their spatial context

o The database interface must be simple, accessible and, if is possible, platform-
independent. Connection trough the Internet is a big advantage, and at present
becomes imperative.

For all the above-mentioned points, it is obvious that it is a complex task that requires a
multidisciplinary approach. It is often a never-ending process, and it demands constant
step-by-step improvement to increase the usability of the database. It requires frequent
feed-back from the end-user: there is the possibility of not having satisfactory results due
to a too wide and theoretical approach.

Tools and technologies

The MEDAS database and web interface are based on Oracle 91 RDBMS and
Application server. Java applets are used as mapping tools and for data visualisation.
Special applications for automatic inserting and processing of real time data were
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Abstract

Marine wildlife and habitat data are increasingly available to the global public for free and via the
internet. This 'data explosion' brings change in ocean management and promotes predictive
modelling. Predictive modelling using such data and GIS (Geographic Information Systems) has
matured as a robust research method, but still does not get used to its full potential. This study
reviews experiences and constraints encountered during 5 predictive GIS models representative for
the Atlantic and Pacific. It was found that data availability is less of a problem, but data quality
still needs to be improved in time and space. Bigger constraints were found with the management
and policy implementations of spatial models. A professional attitude towards the free delivery
and use of data, and data availability is required. Often, expertise and skill is still missing on how
to set up, build, interpret and implement predictive models towards safeguarding marine wildlife
and its habitat. It is suggested that the awareness, education and support for data and modelling
needs to be further improved in the public, in agencies and among scientists. Using evaluated
models should become a legal requirement when dealing with endangered wildlife and habitat of
the global village. A change towards a truly digital and transparent administration and culture,
based on science-based management and using models for decision-making, is suggested for the
oceans and beyond.

Keywords: Geographic Information Systems (GIS, predictive modelling, databases, marine
wildlife and habitat).

Introduction

The rapid increase in data availability for the oceans brings changes. For instance, it
affects decision-making and supports spatial and predictive modelling of wildlife species
and their habitat. Predictive modelling is a relatively new but already mature research
discipline which is still on the rise. Modelling high quality data contributes to
conservation, management, research and to a sound decision-making in a complex and
fast changing world (Ford, 1999; Sarewitz et al., 2000; Shenk and Franklin, 2001).
Often, predictive modelling represents the only method to obtain sound information for
marine wildlife and its habitats in larger areas, e.g. when only opportunistic samples
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exist in space and time. This is specifically the case when study areas are large, remote
or difficult to access such as coastal areas, pelagic habitats and oceans. However, when
trying to apply these predictive modelling methods in the real world and in policy it
becomes quickly obvious that major constraints beyond the technical possibilities still
exist. From earlier applications elsewhere it was shown that data availability has been
the major constraint (Huettmann, 2000a, 2004; Esanu and Uhlir, 2004; Gottschalk ef al.,
2005), but many examples nowadays can be found where the ocean has received great
data projects representing a progressive template for other ecosystems regarding data
availability, e.g. World Ocecan Atlas (WOA, Levitus, 1994), Reynolds fields
(http://podaac jpl.nasa.gov/cgi-bin/dcatalog/fam_summary.pl?sst+), Ocean Biodiversity
Information System (OBIS, http://www.iobis.org/; Malakoff, 2003; Zhang and Grassle,
2003). More relevant constraints are still brought by political influences or by
traditionally trained field workers, researchers, managers and other groups either not
familiar with spatial models and their interpretations or having vested interests
(Huettmann, 2005). Many predictive wildlife modelling references exist, either dealing
with how to perform statistically accurate modelling (e.g. Manly et al., 2002), how to
link them with biological mechanisms (e.g. Nakazawa et al., 2004), or apply them in
terrestrial applications (e.g. Scott et al., 2002), but less so with ocean-wide, large-scale
marine wildlife and biodiversity (e.g. Valavanis, 2002; but see Rozwadowski, 2002).
Wildlife and habitat modelling techniques are complex and require multidisciplinary
approaches; they often have to consider many aspects of humans and human behaviour
as well in order to be successful (Huettmann, 2004).

In order to complement and further improve the existing and traditional information
about marine wildlife with advanced modelling, here I present and analyze some
experiences from representative modelling and model building projects in the Atlantic
and Pacific dealing with a variety of marine conservation topics and marine wildlife
species. Specifically, I outline issues which still need to be overcome towards more
progressive and science-based management modelling in order to safeguard the natural
wildlife and habitat resources of the global oceans (e.g. in an adaptive management
framework; Walters, 1986). The presented model projects are using free data and are
based on progressive and multidisciplinary studies. All of which have a field work
component and where modelling contributes new insights and guidance for science and
for the management process. Most of the studies discussed here try to model species
habitat relationships and to predict spatial distributions, populations and future habitat
states. However, for completeness, issues such as population modelling and other topics
related to marine modelling also get addressed.

Methods

In the following, I describe model data sets and individual methodologies from five
selected modelling projects which can get considered as a representative set of predictive
ocean species models. This allows drawing general conclusions for improving modelling
exercises world-wide. All of the data mentioned here refer to GIS-layers in Arc View
3.3.
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Case study 1: Pelagic Seabird Species and Colony Distribution in
the Northwest Atlantic.

Seabird distribution of four abundant species (Northern Fulmar Fulmarus glacialis,
Atlantic Puffin Fratercula arctica, Common Murre Uria aalge and Northern Gannet
Morus bassanus), derived from pelagic surveys carried out during more than 25 years
(1966-1992) in the Northwest Atlantic (Gulf of Maine — Canadian High Arctic) were
related to marine features. Marine habitat data were available for free e.g. from the
internet  for  Comprehensive  Ocean-Atmosphere  Data  Set  (COADS
http://www.cdc.noaa.gov/coads/), World Ocean Atlas (Levitus, 1994), ETOPO5 and
others. Seabird survey data were provided in a digital format by T. Lock and R.G.B.
Brown, Canadian Wildlife Service (for more details on data and methods see Huettmann
and Lock, 1996; Huettmann, 2000a). These seabird-habitat relationships were quantified
using primarily a multiple regression approach predicted to locations with a known set-
up of environmental features, and which get finally evaluated for its performance. More
details can be found in Huettmann and Diamond (2001).

Case study 2: Marbled Murrelets (Brachyramphus marmoratus) in
coastal Old-Growth Forest habitat of British Columbia, Canada.

Marine abundance and potential nest occurrence information of the Marbled Murrelet, a
seabird species of international conservation concern, were related to the marine and
terrestrial features. Marbled Murrelet data came from Burger (1995) and other published
sources; environmental data were taken from NOAA (National Oceanic and
Atmospheric Administration Coastwatch, 2000) and others. The habitat preference was
quantified using linear and non-lincar models. These statistical relationships were then
predicted to coastline locations with a known set-up of environmental features.
Secondly, population estimates were also derived from these spatial models. More
details about this study can be found in Yen et al. (2004).

Case study 3: Predicting the pelagic distribution of Short-tailed
Albatross (Phoebastria albatrus) in the Northern Pacific using
‘Presence Only’ data.

Compiled opportunistic and historical albatross sightings (‘presence only’ data) already
provided for free on the internet (http://www.iphc.washington.edw/staff/tracee/shorttail.
htm; see Figure 1a) were used to describe the ecological niche of an endangered seabird,
the Short-tailed Albatross. The primary focus of this study was to describe from Alaskan
sightings as training data the distributional range of this species in the adjacent Russian
and Canadian waters and for which only very few or none sightings and incomplete
information exist (Figure 1b; FH unpublished).
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Case study 4: Modelling the distribution of nesting waterbirds in the
subarctic Great Slave Lake using opportunistic sightings.

The Great Slave Lake presents a major and large waterbody in the North American
subarctic. Due to its general inaccessibility, it is widely unsurveyed and only limited
information on nesting waterbirds exist, published in the grey literature. Opportunistic
surveys (Sirois ef al., 1995) were used trying to derive nesting/colony distribution and
abundance estimates of nesting pairs. Environmental data were used from topographical
maps, climate models and remote sensing imagery. The goal of this study was to
improve distribution information, to assess scale effects and to obtain first population
indices for this otherwise widely unsurveyed area. Further details regarding this study
are found in Fenske (2003).

Case study 5: Modelling the future coastal ecosystem of Marbled
Murrelets to assess spatially explicit impacts on distribution and
abundance in British Columbia.

This study is currently 'in progress' (FH et al. unpublished) and deals with a major
contribution brought by predictive modelling: Forecasting the state of habitats for an
endangered species. It is based on the initial model study presented by Yen ef al. (2004),
and tries to replace the current habitat layers - marine and terrestrial - with future
scenarios in order to forecast eventually a distribution and population estimate for
Marbled Murrelets for entire British Columbia and beyond. The ‘future’ is defined as 10,
50 and 100 years from present (see also Huettmann ef al., 2005 for methods). This
project will allow obtaining a spatial Population Viability Analysis (sSPVA) for a seabird
species that became of international conservation due to the ongoing habitat degradation,
e.g. logging of the old-growth forest nesting habitats, and disturbances in the marine
environment.

Results

The following section summarizes the key components and experiences from each of the
five models.

Case Study 1

Major Contribution of the Model: Results from this model present for the first time a
consistent scabird distribution map which covers the entire North West Atlantic
(compare with Brown ef a/. 1975, Brown 1986 for shipboard observations).

Modelling Method: Generalized Lincar Models (GLM) and Classification and
Regression Tress (Cart-SPLUS) were used.

Constraints encountered during the Model Building Process: Data quality of seabird and
environmental data was coarse. Detailed knowledge about the biologically available
habitat for seabirds was missing. Earlier views from experts of ‘how seabirds would
respond to the marine environment’ biased the model building and model testing
initially, and had to be overcome and revised. Lack of an interdisciplinary research
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environment and software technology, including technical and administrative
infrastructure problems, presented delays to complete the project efficiently.

Constraints due to Data Accessibility: None, since internet was used (for environmental
data); seabird data were efficiently provided by governmental agency. Some seabird data
had to be added, and restored from back-ups and hard copies; quality checks were
required.

Constraints encountered during Model Implementation: The governmental management
process did not consider results from modelling for more than five years. Local expertise
is missing to comprehend and implement findings from these models.

Case study 2

Major Contribution of the Model: The resulting distribution map allowed for the first
time for a consistent distribution information of Marbled Murrelets for the entire
coastline of British Columbia. These estimates were derived from consistent methods
and data, and also allowed for the first time for a modelled population estimate, obtained
from compiled, best scientific available information for this species of major
conservation concern.

Modelling Method: GLM, Cart-SPLUS, CART-Salford, Multiple Regression Splines
(MARS-Salford) and Neural Networks (SPLUS) were applied.

Constraints encountered during the Model Building Process: The data quality of Marbled
Murrelet abundance and locations, as well as the environmental data was coarse;
Metadata of the Marbled Murrelet data did not exist. Knowledge about available habitat
for scabirds was missing. Initial views by experts of ‘how Marbled Murrelets would
respond to the marine and terrestrial environment’ and at what scale biased model
building severely and had to be overcome (Huettmann et a/., in review). Political views
about Marbled Murrelet resecarch complicated and delayed the project and data
availabilities strongly.

Constraints due to Data Accessibility: A centralized database of all known Marbled
Murrelet nests and abundances was not available (but see http://www.sfu.ca/biology/
wildberg/ species/ mamu.html); many data sets had to be located, assessed, digitized and
merged from numerous individual contractors and data holders who work small scale but
lack seeing the large picture. Alternative data sets had to be obtained from NGO and
internet sources.

Constraints encountered during the Model Implementation: Management process did not
consider results from modelling, yet. Counter models were initiated and used to
circumnavigate findings from this model. The use of AIC (Burnham & Anderson 2002)
for model selection, instead of traditional significances and p-values, created a major
problem in the acceptance of results from this model. Local expertise is missing to
comprehend and implement model findings.

Case study 3

Modelling Contribution: For the first time, a pelagic distribution map of Short-tailed
Albatross in the Northern Pacific was predicted.
Modelling Method: MARS-Salford was applied to ‘presence only’ data.
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Constraints encountered during the Model Building Process: Local experts and
governmental agencies claimed a monopoly for dealing with this species and

discouraged large-scale model-building to this very day. Due to competitive funding and
internationally pending legal conservation tensions the modeller was threatened and
marginalized for going ahead building predictive models on Short-tailed Albatross for
international peer-reviewed research publications. Lack of funding to build model,
compile and work up data had to be overcome.

Constraints due to Data Accessibility: None; all data are freely and fully available on the
internet/ WWW.

Constraints encountered during the Model Implementation: So far, the model was
ignored by the Short-tailed Albatross research community, as well as by governmental
and other agencies with a mandate to manage seabirds.

Case study 4

Modelling_Contribution: For the first time, a consistent distribution and abundance
information of waterbirds in the subarctic Great Slave Lake was produced.

Modelling Method: GLM, CART-Salford, MARS-Salford and Neural Network SPlus
using 'Presence Only' data.

Constraints encountered during the Model Building Process: Governmental agency did
not fully collaborate; otherwise, no relevant constraints were encountered.

Constraints due to Data Accessibility: Data were not available or known for this project
and had to be compiled, created and digitized.

Constraints encountered during the Model Implementation: The model was not
considered by governmental agencies for conservation and management actions, yet.

Case study 5

Modelling Contribution: Future Marbled Murrelet habitat, distribution and abundance.
Constraints encountered during the Model Building Process: Some landowners did not
provide growth and yield information, nor were they to motivate buying into an overall
and mutually accepted modelling approach. Lack of data accuracy was used to block and
delay the modelling process. Missing funding and seeing the importance of this work by
governmental agencies had to be overcome.

Constraints due to Data Accessibility: Due to the lack of ‘buy-in’, landcover data as the
crucial source for model building were constantly criticized.

Constraints encountered during Model Implementation: Competing models were
developed from opposing lobbies on a smaller scale, presenting their own models and
views into the political discussion.

Discussion

The review of modelling studies for marine wildlife and habitat shows that some
consistent constraints occur within predictive modelling projects, harming crucial
progress on this subject. These constraints have not been shown or explained and
outlined in earlier modelling publications. Considering that modelling and its importance
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will increase 1 believe it is very important to outline and review modelling constraints for
a wider audience in order to address them. Earlier topics important enough to halt entire
modelling projects such as GIS, software analysis code and data availability were not
considered as a major constraint anymore (see also Huettmann and Linke, 2003, Esanu
and Uhlir, 2004, Gottschalk et al., 2005). Instead, subjects related to the lack of technical
and statistical expertise by implementing agencics, biased expert views or vested
interests were mentioned most often as constraining modelling projects and their
acceptance (see also Rozwadowski, 2002 for policy applications and political influences
on science-based models). Topics like data quality (e.g. content and spatial) and data
transfer/copyrights were mentioned less often, but still could block modelling work
dramatically for charismatic and important wildlife species and biodiversity in general
(see Graham et al., 2004 for terrestrial biodiversity applications); it impairs the general
acceptance of models. Spatial predictive modelling is often the only means to provide
estimates of marine wildlife distribution and abundances, e.g. in pelagic and coastal
wilderness areas that are difficult to access (Huettmann, 2000b). The advantage of
modelling is that it is derived from a consistent and transparent methodology, that it can
be repeated (=evaluated by other parties), and its performance assessed (Fielding and
Bell, 1998; Ydenberg, 1998; Pearce and Ferrier, 2000) towards a better scientific
understanding and higher trustworthiness in the management process and for public
policy. I feel that these steps provide a major argument in favour of building and
applying models. Once a model has been build, and a modelling culture is set up, poor
models can always, and relatively easy, be improved, e.g. in the framework of scientific
hypothesis testing. Considering such a situation and the major contributions that can be
obtained through the use of predictive modelling, it is surprising to learn that the use of
spatial modelling in conservation management is still not well advanced and not used
more effectively (Bookhout, 1994; Primack, 1998, but see Walters, 1986; Brown ef al.,
2000 and MARXAN http://www.ecology.uq. edu.au/index.html?page=20882 for Marine
Protected Areas MPAs), nor is it built in as a requirement into the legislation of
endangered species and habitat (see for instance Czech and Krausman, 2001) or in the
Ocecan Act and organizations administrating oceans of the world (Rozwadowski, 2002
for ICENS).

Despite the experiences from the models presented here, one might find of interest as
well the numerous modelling projects which eventually could not be carried out due to
various constraints. At least six of such modelling projects come to mind to the author;
they usually failed due to data access issues from individuals with an interest in the data
themselves. Other constraints were caused by the general lack of support, e.g. financial
and man-power, for collecting and digitizing data, for building models and for evaluating
them statistically. Although financial constraints exist, other reasons for failing
predictive modelling projects are brought by poor data quality and lack of awareness on
the benefits of modelling, e.g. beyond borders. Besides failed projects, one should also
consider the tremendous delay of model projects caused when data and model issues
occur. One problem is for instance that even within governmental agencies, data are
sometimes not well known, documented with Metadata, heavily delayed, not shared or
plainly not available. Vested interests brought by promotion/salary, money/fieldwork
funds and publication rights further proof counterproductive to modelling and its
exciting advances for the global village.
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All models reviewed, as well as many others in the literature (Manly et a/., 2002; Scott
et al., 2002), primarily deal with correlations but less with the true biological
mechanisms to explain wildlife distribution and abundance. This is less of a technical
modelling issue but more a data issue since biologically meaningful marine biodiversity
and prey information, e.g. benthos, plankton and non-commercial fish databases
collected with a consistent protocol are often still missing. The modellers should be more
explicit in requesting these crucial data sets in order to further improve biological
models and predictions.

The author found that advances of scientific exploration and innovation, such as
represented by modelling, can be constrained by administrative hierarchy, and most
importantly, by old-fashioned peer-review policies of grants and publications. Old-
fashioned hard copy project reports do not prove helpful, but the underlying digital data
are needed as well. Also, funding agencies are able to reduce global progress severely
for advanced problem solutions, when monopolizing their influence on research; hiring
and distribution of public funds (sece Pachlke, 2004 for an entrenched 'Cult of
Incompetence'). However, they also have the opportunity to promote any of these fields
further towards a modern society using appropriate tools. I suggest that modelling
definitely requires an appropriate funding structure for assuring progress. Setting up such
a culture and infrastructure requires a sophisticated and contributing leadership with a
global vision.

Models allow bringing people and lobbies together and locating data gaps to be
overcome and improved with subsequent fieldwork and modelling (Scott ef al., 2002).
Models offer the great advantage to be constantly improved and fine-tuned. Also,
predictive modelling, as presented here, offer a major contribution in order to obtain a
Population Viability Analysis that takes spatial issues serious. I believe that this subject
should receive more attention because it can address a key topic in management,
populations and habitats, in pro-active terms and before unwanted situations occur, e.g.
Huettmann et al. (2005).

Depending on the wildlife species, on the type of habitat and the human dimension,
some problems are more important than others for advanced modelling. However, due to
the complex situations of most models currently one cannot present an always valid
cookbook approach to successful wildlife and habitat modelling projects.

From the modelling experience, it was found that successful modelling requires manifold
skills rarely taught at universities and during marine wildlife education, yet. They go
beyond pure marine wildlife, fisheries, statistical and computer skills. Many pitfalls and
problems can occur during such applications, and few published experiences, rules or
standards exist how to improve marine wildlife and conservation modelling projects,
how to avoid errors and how to implement models eventually in the political and legal
decision-making process addressing conservation and sustainability. More guidance is
needed. It was found that often an old-fashioned institutional culture has to be overcome
first, and then replaced with a new digital one that handles spatial and interdisciplinary
models as well as all of the related issues. This can turn into a non-trivial task. Many
political, strategic and diplomatic approaches are still required to deal with subjective,
and often unprofessional, attitudes towards spatial modelling. Valuable lessons can be
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learned here from the Remote Sensing discipline for instance, which similarly went
through a learning phase and has now reached maturation and general acceptance
(Franklin, 2001; Gottschalk et al., 2005).

One should emphasize that highly accurate (spatial) predictions should be the goal for
modelling projects because a generalized inference, and testable hypothesis, can be
brought forward for a quantitative assessment, and if necessary, model improvement.
This new culture counters the old-fashioned believe that only field observations are valid
and convincing for a generalized inference in biological disciplines. I believe that
modelling should remain open-minded and consider alternatives. Findings can still
depend on the nature of the modelling algorithm, e.g. when it comes to the selection of
predictors and actual spatial predictions. Therefore, a competitive multi-model approach
should be encouraged (Burnham and Anderson, 2002) and I suggest assessing and
challenging the traditional approaches such as simple hypothesis testing with p-value
thresholds, and hand-drawn distribution maps from experts and GLM models as the
ultimate paradigms. Instead, and in times of great data availability and high
technological tools, one should promote that model project repeats and duelling models
arc wanted as a form of true hypothesis tests towards science-based adaptive
management (Walters, 1986), improved models and decision-making of public resources
using the best science principle (Sarewitz ef al., 2000). Therefore, sound assessments of
model accuracies are crucial, and it is suggested to fully support any of these approaches,
including the collection and compilation of alternative assessment data and evidences.

Conclusions and Outlook

Due to the existence of free data sets, predictive models are maturing and prove to be of
major value to management. Data availability is increasingly less of a problem, but data
quality and resolution still needs to be steadily improved on a global scale. Biologically
meaningful marine biodiversity and prey information such as high-quality benthos,
plankton and fish databases collected with a consistent protocol are still needed. The data
overkill of the future needs to be tamed with appropriate software tools (Huettmann,
2005).

Competing models are part of a scientific investigation using hypothesis; they are
required and important to improve spatial models and eventually increase model trust.
Once cvaluated, many models still lack their implementation into policy and
management, and it is suggested to quickly improve this situation on a global scale
towards a new digital data and model culture of the oceans and beyond for the global
village. The awareness, education and support for modelling needs to be further
improved in the public, agencies and among scientists and lawmakers. Modelling should
become a legal requirement when dealing with endangered wildlife and habitat.
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Abstract

The BODC Taxon Browser is used for the discovery of descriptive information about the
biological taxa that are held in the archives of the British Oceanographic Data Centre (BODC).
The main aspect of its functionality is the capability of hierarchical searching. This means that on
entering a taxonomic search term, the browser will retrieve information for the term and
information for all organisms taxonomically related to the term. The framework of the hierarchical
search is derived from the Integrated Taxonomic Information System (ITIS). Other features
include: automatic checking for synonyms where taxonomic names are not valid; search by ITIS
code, BODC code, scientific name and common name; filter options to focus the search. This
search tool is powerful — it goes beyond simply matching the exact term that is entered and so
discovers information which users may not even realise they are looking for!

Keywords: Taxonomy; Hierarchical searching, Metadata discovery, Parameter dictionary, The
Integrated Taxonomic Information System.

Introduction

The BODC Taxon Browser is a web-based search tool which enables easy navigation
through the substantial amount of biological data which is managed by BODC. BODC
holds nearly 400,000 biological records spanning 4,500 different taxa. Measurements
range from the biomass of microscopic algae in the Indian Ocean to counts of Cetaceans
in the North-East Atlantic. Each record is linked to detailed metadata (e.g. what was
measured, how it was measured, who measured it, where and when it was measured)
via a relational database management system (RDBMS). One branch of the RDBMS is a
parameter dictionary which contains the “what” and “how” metadata. The BODC Taxon
Browser allows the user to efficiently access this metadata for every taxonomic entity
that is described within this parameter dictionary.

The parameter dictionary is constantly expanding and currently describes nearly 17,000
types of variables, 11,000 of which originate from taxonomic samples. On entering a
taxonomic search term, the browser will retricve metadata for the term and the metadata
for all organisms taxonomically related to the term. So, if you search for “birds” you’ll
also get “penguins”. This works even if the actual search term is not present in the
dictionary. For example, a search for “Cetacea” (an Order of marine mammals) will
return metadata for every genus and species of dolphin that is held in the dictionary even
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though the word “Cetacea” does not appear in any part of the dictionary. This is
particularly helpful if users have only a general idea of the taxonomic information they
are looking for.

Where possible, every taxonomic entity in the parameter dictionary is mapped to an
entry in the Integrated Taxonomic Information System (ITIS). This gives credibility to
the taxonomic information at BODC as ITIS is an authoritative taxonomic resource and
it also enables the Taxon Browser to use the ITIS taxonomic hierarchy as a framework
for the “intelligent” searching described above.

Other Taxon Browser features built on the ITIS framework are:

e Automatic checking for synonyms where taxonomic names are no longer
considered to be valid
e  Secarching by common names.

To make the Taxon Browser functional, a number of stages of development were
required, namely:

Downloading a local copy of the complete ITIS database

Mapping all BODC taxonomic entities to their equivalent taxa in ITIS

Generating a taxonomic hierarchy from the ITIS tables

Creating a web-based search interface to enable dynamic interaction between the
user and the database.

This paper will outline these aspects of development and give some working examples
of using the Taxon Browser.

Incorporating ITIS

ITIS provides reliable information on species names and their hierarchical classification.
The database is regularly reviewed to add newly described species and to keep up-to-
date with the validity of taxonomic classifications. Every scientific name in ITIS is
accompanied by the author and date, taxonomic rank, associated synonyms and
vernacular names where appropriate, data source information, data quality indicators and
a unique taxonomic serial number (TSN). The TSN becomes the label for what is known
as a “Taxonomic Unit”. In order to integrate the BODC taxonomic data with the ITIS
taxonomic units, every taxonomic entity at BODC is assigned a TSN where available
(see section 1.2).

Downloading ITIS

The ITIS database is updated on a monthly basis and the latest version can be freely
downloaded from: ftp://ftp-fc.sc.egov.usda.gov/ITIS/. The folder at this location contains
text-only versions of all the tables used in the ITIS database and an SQL file with the
necessary code to set up the tables locally. The ITIS tables were downloaded according
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to the instructions at: http://www.itis.usda.gov/ftp_download.html. This process is
repeated every two months to keep up with the latest updates to the ITIS database.

The ITIS table of relevance to the Taxon Browser are:

e ITIS Taxonomic Units — includes scientific names, usage information, hierarchy
information, links to references, credibility information

e ITIS Vernaculars — common names in various languages which are linked via a
TSN to their relevant taxonomic units

e ITIS Synonym Links — where taxonomic name usage is considered invalid (for
animals and bacteria) or not accepted (for plants and fungi), the valid or accepted
alternative is contained here.

The BODC-ITIS map

Once local copies of the ITIS tables were generated, the scientific taxon names at BODC
could be automatically mapped to the ITIS taxonomic units. To do this, a series of SQL
statements in Oracle were used to identify matches between the BODC scientific names
and the ITIS scientific names. The relevant ITIS TSN was then appended to all BODC
parameter dictionary entries describing sampling events for that taxon.

Occasionally, automatic mapping was not successful and records needed to be manually
checked. The two main reasons for this were:

o  Spellings differed between BODC and ITIS (usually due to spelling mistakes)
e A scientific name did not appear in ITIS.

Where spellings differed slightly (e.g. Chaetoceros pelagicum vs. Chaetoceros
pelagicus), the BODC name was altered to comply with ITIS. Where scientific names
appeared in BODC but not in ITIS, the names were submitted to ITIS according to the
guidelines at http://www.itis.usda.gov/submit_guidlines.html. The web resources used to
find information for the submission of species names to ITIS were: Algacbase (Guiry
and Nic Dhonncha, 2005), The Ciliate Resource Archive (Lynn, 2003), The World of
Protozoa, Rotifera, Nematoda and Oligochacta (Inamori, 2003) and the Check-list of
Turkish Seas Microplankton (Koray ef al, 1999).

The BODC-ITIS map fulfils a number of roles:

e [t provides a link to ITIS taxonomic units, common names, synonyms and any
other useful information provided by ITIS

e The columns of the table are arranged into “semantic elements” which are the
building blocks that are used to automatically generate descriptive full titles in the
parameter dictionary.

An example of a parameter dictionary full title is:
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Carbon biomass of Bacillariophyta (ITIS 2286) centric 30um per unit volume of the
water column by optical microscopy and abundance to carbon conversion by unspecified
algorithm

The semantic eclements for this title are:

Parameter: Carbon biomass

Taxon name: Bacillariophyta

Taxon code: 2286

Taxon class: centric 30um

Parameter compartment: per unit volume of the

Compartment: water column

Compartment class: not specified (hidden)

Sample preparation: not specified (hidden)

Analysis: optical microscopy

Data processing: abundance to carbon conversion by unspecified algorithm

The full title was created by the concatenation of the fields in the BODC-ITIS map to
produce a humanly readable sentence. The fields of the BODC-ITIS map contain the
semantic c¢lements. Every full title generated has the same arrangement of semantic
clements to maintain consistency and accuracy when creating parameter definitions.
Each semantic element is part of a controlled vocabulary meaning that there are a limited
number of options for the words that can be used for any particular semantic element.
For example, “Parameter” can have values including, “Carbon biomass”, “Abundance”
and “Count”; “Taxon name” must be the same as the name published in ITIS where
available; “Compartment” can be “bed”, “sediment”, “water column™ or “suspended
particulate matter”. The elements are joined by linking words such as “of” or “in the”.
This system permits a rich vocabulary of definitions for the description of the many
forms of data at BODC and is also easily machine readable.

Building the taxon tree

After populating the BODC-ITIS map, a program was written to generate a hierarchy of
all the ITIS taxonomic units. This forms the framework of the Taxon Browser’s
hierarchical search. It enables the Taxon Browser to navigate the ITIS hierarchy and
extract every taxonomic entry in the BODC dictionary at the same taxonomic level as
the search term and also all the related taxa at lower levels.

The hierarchy was built using a field of the ITIS Taxonomic Units table called “Parent
TSN”. This is a direct link between every ITIS taxonomic unit and the taxonomic unit
directly above it in the ITIS taxonomic hierarchy. For example, the species Chaefoceros
pelagicus has a parent TSN of “2758”. The scientific name with a TSN of 2758 is the
genus Chaetoceros. Chaetoceros has a parent TSN of “572759” which is the TSN for
Family Chactocerotaceae. This path can be followed all the way to the kingdom
level. The representation of the ITIS taxonomic hierarchy that is generated by the tree-
building program consists of a source TSN followed by a string of 216 bits (see figure
1). Every 8 character section of the string represents a single taxonomic level. The
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default setting of the hierarchy string is 216 x’s. This equates to 8 x’s per taxonomic
level. A string is populated by placing the source TSN in the position on the hierarchy
string appropriate to its taxonomic level. For example, the TSN for a genus name is
placed at character positions 137-144 in the hierarchy string; the TSN for a species name
is placed at positions 169-176. When the source TSN is in place, every parent TSN for
this is inserted into the string in the appropriate place. A sceparate hierarchy string is
created for every taxonomic unit in the ITIS database.

Source TSN: 2814

Hierarchy:

xx202422xx59073 5xxxX22 86X XXX XXX XXXXXXXXXXXI 9073 6XXXXXXXXXXXXXXXXXXXXX
XXXXXI59074 8 XXXXXXXXXXXXXXXXXXXXXXXXXXI 727 59X XXX XXX XXX XXXXXXXXXXXXXXXX
XX2 75 8XXXXXXXXXXXXXXXXXXXXXXXXXXXX2 8 I 4 X XXX XXX XXX XXX XXXXXXXXXXXXXXXXX
XXXXXXXXX

Fig. 1. The hierarchy string for species Chaetoceros pelagicus. The species portion of the
hierarchy string is represented by “xxxx2814”. Its taxonomic parent is vepresented by
“xxxx2758", which is the TSN for genus Chaetoceros. Continuing a walk up the string
identifies every parent taxon for Chaetoceros pelagicus up fo the kingdom level
(202422, kingdom Plantae). Every empty taxonomic position is left as 8 x’s to maintain
the length of the hievarchy string. This becomes useful later for checking for TSNis in
specific taxonomic positions. For example, in between 572759 and 2758 are
unoccupied taxonomic levels that represent subfamily, tribe and subtribe; after 2814
are unoccupied taxonomic levels that represent subspecies, variety, subvariety, form
and subform.

Continuing the example from figure 1, there are many other species of Chaetoceros, all
having identical hierarchy strings from the kingdom to the genus level, ie. from
character positions 1 to 144. This means that every hierarchy string with “xxxx2758” at
the genus level is exactly the same from positions 1 to 144 and also represents a
hierarchy for a species, subspecies, variety, subvariety, form or subform of the genus
Chaetoceros. Selecting the source TSN for all these partially matching hierarchies
allows the Taxon Browser to retrieve all the relevant parameter dictionary records
regarding members of the Chaefoceros genus.

From a wider perspective, any hierarchy string that has a TSN ending at character
position » shares the same hierarchy from positions 1 to # as any other hierarchy string
that has the same TSN ending at character position ». A hierarchy string can be sliced at
the boundary of any 8-character section to widen or narrow the range of source TSNs
that are extracted by the Taxon Browser. This allows the user to enter a search term at
any taxonomic level and retrieve all of its relatives. A search at the kingdom level, for
example will extract all taxa from BODC that have matching hierarchy strings for
positions 1 to 8 for any particular kingdom. It is possible to type in “Animalia” and
retrieve every taxon at every available taxonomic level for entities considered to be
animals even though there is no entry in the parameter dictionary that is explicitly
described as being an animal. Similar searches can be conducted for “Aves” or “Birds”
or even “Oiseaux” or perhaps the user would like to narrow the search slightly and look
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for “Gulls”. Again, these are all words that do not appear anywhere in the parameter
dictionary but will still yield comprehensive results.

This method works for searching all taxa that occur in the ITIS database. However, a
special case arises when a taxon is considered “invalid” or “not accepted” by ITIS. For
these cases, no parent TSN is provided in ITIS Taxonomic units and so there is no basis
for the tree builder to generate a hierarchy string. For the hierarchical search to be fully
functional, the taxonomic hierarchy must be derived from the “accepted” or “valid”
synonym. Using the ITIS Synonym Links table, it is possible to find the valid TSN and
superimpose its hierarchy onto the invalid TSN. An alternative strategy could be to
change all invalid names at BODC into their valid synonyms but it is better to alter the
data coming into BODC as little as possible. Using the ITIS Synonym Links table means
that this can be avoided and the user can be informed that a particular taxonomic name is
not valid and of its valid usage.

Another special case that arises from an invalid synonym being assigned the parental
hierarchy of its valid counterpart is when the adopted parent is at the same taxonomic
level as the invalid name. For example, class Solenogastres is invalid. Its valid synonym
is subclass Chactodermomorpha. The parent taxon for both these names is class
Aplacophora. Since a class can not have a taxonomic parent which is also a class, the
original TSN is loaded into the hierarchy string in the position that the valid synonym
occupies. The program that builds the taxon tree table takes all of these issues into
account and automatically adapts to the special cases.

Using the Taxon Browser

This section concerns the client-side of the Taxon Browser and describes the user
interface and the various search options and features that the browser provides.

User interface

The user interface (see figure 2) was written in Perl and uses the Common Gateway
Interface (CGI). CGI enables interaction between a client and a server via the World
Wide Web. The program is embedded with HTML to provide the front-end graphics on
the Web and SQL to fetch information from the Oracle database at BODC. The user can
select different searching methods (see section 2.2), apply options to filter the search
(see section 2.3) and search within BODC or ITIS.

Search options

Search by scientific name:

e The Taxon Browser matches the scientific name in ITIS Taxonomic Units and
extracts its TSN

e The taxonomic hierarchy is scanned to select every source TSN with a hierarchy
string that includes the search TSN



The BODC Taxon Browser 69

e Every TSN selected is added to an array
e The parameter dictionary metadata for each TSN in the array is extracted and
displayed to the user (see figure 3).

Search by common name:

e ITIS Vemaculars is scanned for the TSN belonging to the matching common
name
e  The search follows the last two steps of “Search by scientific name”.

Search by BODC code:

e BODC-ITIS map is scanned for the TSN belonging to the matching BODC
parameter code (a unique identifier for each entry in the parameter dictionary)
e  The search follows last two steps of “Search by scientific name”.

Search by ITIS TSN

e  The search follows last two steps of “Search by scientific name”.

Features

Automatic synonym conversion:

e Where a search term is invalid or not accepted, the Taxon Browser takes the
alternative accepted TSN from ITIS Synonym Links

e The taxonomic hierarchy is scanned to select every source TSN with a hierarchy
string that includes the original search TSN or the accepted TSN

e  The search follows steps 2-3 of “Search by scientific name™.

Filter by parameter type

e The user can adapt the search to select only those dictionary records that deal with
abundance or biomass data, for example.

Hierarchical / non-hierarchical searching

e The user can select whether to perform a full hierarchical search as described
previously or to retrieve only the parameter dictionary metadata for the actual
search term.

Advanced options

e The user can customise the items of parameter dictionary metadata to be displayed
by the Taxon Browser. For example, the user may be interested in how samples
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Taxonomic standards

A large part of the task when setting up the Taxon Browser was to submit species names
to ITIS. This required extensive searching on the internet for accurate references and
authorship information. It also highlighted the need for standardisation of scientific
names within the taxonomic community. For example, a search in Google for
“Chaetoceros compressus” gives 164 hits. A search for “Chaetoceros compressum”
gives 119 hits. How does a non-expert user decide which name to use? Taking the name
with the most hits scems an obvious strategy but this is by no means accurate. If
everyone did this, an incorrect name could rise to precedence by a sort of runaway
selection whereby an incorrect name with a few more hits than a correct name would be
quoted more frequently. Consequently, the gap in hit numbers between the two names
would widen, causing users to choose the incorrect name over the correct one with an
increasingly high frequency.

A single comprehensive database that incorporates taxonomic information from a
distributed community of experts could solve this type of problem. ITIS is a big step
towards this but lacks the resources to keep up with the rate at which species names are
submitted. Submissions made by BODC at the end of 2003 have still not made it into the
ITIS database. With limited resources, ITIS must also focus on certain species groups
meaning that some are not yet included in the database. For example, only two species of
Strombidium (a marine ciliate) are listed in ITIS whereas there are 74 in the European
Register of Marine species (ERMS, http://www.marbef.org/data/erms.php). The Taxon
Browser encounters a problem here because BODC has 39 species of Strombidium
which are not in ITIS and so have not been included in the taxonomic tree that the Taxon
Browser searches through. A user of the Taxon Browser will not see that there is
information on these Strombidium species at BODC unless they use the non-hierarchical
search option.

It is a huge task to collate the names of every single described species and organise them
into ever-changing taxonomic hierarchies. It is inevitable that different expert opinions
will arise of where a species should fit into a hierarchy or what it should be called and
perhaps this is beyond the scope of a single taxonomic information centre. An alternative
to a single central database is a number of expert databases with their own particular
focus on selected groups of organisms. There are a number of these available but
uncertainty can arise when two databases disagree. For example, ITIS considers
Emiliania huxleyi to be a not accepted synonym for Coccolithus huxleyi. However,
ERMS accepts the name Emiliania huxleyi and gives it a non-accepted synonym of
Pontosphaera huxleyi with no mention of Coccolithus huxleyi. So, which information
source should be used? A search in Google gives 16,700 hits for £. huxleyi but only 168
hits for C. huxleyi. This shows that the general consensus is to use £. huxleyi but there
must be a reason why this name appears as not accepted in ITIS. Having many separate
on-line databases also makes searching less efficient as the user must search each
database separately for taxonomic information. A useful tool would bridge these
databases and search all of them in one go. The uBio Name Mapper (The Marine
Biological Laboratory, 2004) works along these lines but does not cover a wide enough
range of databases.
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Conclusion

The BODC Taxonomic Browser has the potential to be a very useful tool for the
discovery of data in the BODC archives. Some work is required to make it fully
operational but when it is released on the web, it is expected that people from around the
world will access it to view the types of taxonomic data at BODC. The mapping of
names to ITIS was a very useful exercise in improving the BODC parameter definitions
but it also highlighted the fact that BODC should be aware of a world of taxonomic
databases beyond ITIS and consider how these could be integrated.
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Abstract

Linear referencing is a technique provided by GIS. It supplies tools that help in dealing with data
associated with any kind of linear features. In recent years dense algal mats covering the shoreline
and algal blooms in the Baltic region became a serious problem and create much concemn. The
linear referencing technique was used to analyse the dynamic process of organic material
deposition along the shoreline. Sampling was done nine times along the sandy beach of Gdansk —
Sopot — Gdynia. The total amount of algal debris washed ashore varied a lot each time and on
average was 252.64 tons £220.97 tons. The linear referencing technique proved to serve well in
dealing with processes occurring along any feature that may/can be treated as linear.

Keywords: Linear referencing; organic material deposition; Baltic Sea.

Introduction

Linear referencing is technique provided by GIS. Previously linear referencing was
mainly used in GIS - transport sciences for management and for querying spatially and
temporally referenced transportation data. In case of transportation linear referencing is a
core method due to the fact that transportation features are linear in nature (Sutton and
Wyman, 2000).

Linear referencing supplies tools that help in dealing with data associated with any kind
of linear features. It reduces the effort of maintaining, organising, analysing and
controlling any data describing processes that occur along existing linear features. It
allows associating any multiple a set of objects with linear features. Then, it enables
querying, editing or analysing attributive data sets without affecting the linear feature
(Brennan, 2002).

Recently some effort was made to introduce linear referencing to environmental
sciences. The technique was used to investigate coastal erosion and river systems
classification.
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In our case deposition of organic material along the sandy shoreline was analysed with
the linear referencing technique. Dense algal mats covering the shoreline and algal
blooms in the Baltic region became/are becoming a serious problem and created/creates
much concern (Kotwicki ef al., 2002). Sandy beaches are very important due to their
economical and social values. They also play an important role in the ecosystem as
active biological filters. High organic material deposition along the shoreline strongly
affects their socio-economical values and may influence the biota associated with
interstitial system that plays a great role in processing organic material and returning
nutrients back to the sea. The presence of green algal mats in shallow soft bottom arcas
could cause large changes in the local ecology (Isaksson and Pihl, 1992).

It is essential to assess the amount and volume of organic material and then to analyse
biological processes connected with algae debris along the shoreline and linear
referencing may serve this aim well.

Material and methods

The material was collected along the sandy beach of Gdarisk — Sopot — Gdynia (Polish
coast of Baltic Sea) (fig. 1). There were 9 sampling campaigns from June to August
2004, carried out every week. Geographic position of each piece of organic material
washed ashore was measured by using a GPS and portable GIS system. At the same time
the volume of organic debris was measured. Small amounts were assessed as 1 dm’. In
case of larger amounts, length, width and depth of each assembly were measured and
then the volume was calculated. Also the average volume of organic material deposited
on every meter of the beach was calculated.

In Sopot additional sampling was made. 1dm’ of swash wash water was taken in June
and the density of drifting algac was assessed. Comparing these findings with the
amount found on the beach, the percentage of the algac found in the water and that wash
ashore was determined.

On average 1 dm’ of algal debris deposited on the beach weighted 0.88kg (£0.10). These
results were used to estimate the total amount of organic material found on the beach in
comparison to the total volume counted from the sampling carried out along the Gdafnisk
— Sopot — Gdynia shoreline.

By employing the linear referencing method, geographic data may be stored by using a
relative position along an already existing linear feature (route). A route is a geographic
feature that is represented by a line, with a unique identifier and is stored with/in the
geometry measurement system. In this case a shoreline from Gdansk to Gdynia is treated
as one route. Any geographic feature occurring along the route should be treated as a
route event. Every volume of organic debris is treated as a line event located along the
route (shoreline). Linear referencing allows analysing dynamically changing objects with
relative position on linear features. The objects are sampled in two dimensions, using X,
y coordinates.
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Fig. 3. Mean volume on every meter of the beach of algae debris found along the coast in summer
2004.

In June the mean density of algae in swash water was assessed as 13.5kg for each 1m’.
64% of algae from the swash water were deposited on the beach.

Different natural phenomena occurring along the coastline have a linear and patchy
character. For analysing such processes and for estimating parameters describing its
temporal and spatial changes a precise knowledge regarding its occurrence is needed.
That requires very dense and detailed point sampling or some linear framework might be
an alternative. The example of organic material deposition along a sandy beach of
Gdansk — Sopot — Gdynia showed that linear referencing technique may play such role.
The linear referencing technique proved to serve good as a tool for storing, analysing
and visualising environmental data connected with the shoreline.
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Abstract

Natural-history museum collections contain large amounts of historical and contemporary data for
the assessment of global invertebrate biodiversity. Nevertheless, these data can not be easily
accessed due to a series of constrains, including the lack of relative interet-based databases.

Towards this end, in the Zoological Museum of the Aristoteleio University of Thessaloniki
(ZMAUTH) a new information system is under development on the Decapoda Crustacea
collections. ZMAUTH hosts large collections of decapod species from all habitats of the Aegean
Sea and other Mediterranean areas. Recently, all these decapod specimens along with information
on the habitat from which they were collected were computerized and a dynamic database was
created, also suitable for use through the internet. In this database, a complete bibliographic list of
the decapod species known from the NE Atlantic and the Mediterranean Sea is also included as
well as the relevant information on the habitat of each one of them.

Furthermore, all literature information concerning the systematics, zoogeography, ecology,
biology, conservation and cultural status of every registered decapod species are being
computerised in the database.

In this study, we demonstrate the procedures through which a user of this database can: (1) acquire
the existing literature information for a species or a group of species, (2) acquire new scientific
information, (3) assess, through a comparison his own relative data and (4) educate students and
young researchers.

Keywords: museum collections; Decapoda; diversity databases.

Introduction

A significant proportion of the existing scientific information concerning global
invertebrate diversity is in the form of museum collections. Specimens in these
collections have been used to map species historical and present distribution and
estimate species richness and diversity (Ponder ef al., 2001; O’ Connell et al., 2004;
Suarez and Tsutsui, 2004).
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However, the dissemination of the information stored in the museum collections is little
and sparse due to the fact that access to collections and retrieval of specimens can be a
difficult and lengthy process, constrained by work force, funding or both. Furthermore,
despite some progress in the computerization of the collections, the resulting databases
are not commonly available since most of them cannot be accessed through the internet
(O’ Connell ef al., 2004).

Towards these ends, the development and utilization of an information system on
Decapoda Crustacea museum collections is presented in this study. This on-line database
has resulted from the appropriate computerization of the numerous decapod specimens
deposited in ZMAUTH along with literature information on the decapod species of the
Mediterranean, the Black Sea and the NE Atlantic. The development of this information
system intends to: (1) assemble and disseminate the existing information on the
registered decapod species, (2) facilitate access to ZMAUTH museum collections, (3)
provide tools for the acquisition of new scientific information based on the data resulting
from the museum collections, (4) provide the appropriate web interface so that it can be
integrated in the education of students in the relative disciplines.

Description of the information system

The design and construction of the information system is based on Microsoft Access
interrelated tables. At the initial stage of the information system development a detailed
list of all decapod species known from the Mediterranean, the Black Sea and the NE
Atlantic, as given in the review of Udekem d’Acoz (1999), were registered in a MS
Access table. For each species, along with the scientific name and authority, its given
geographical distribution in the certain areas as well as information on its bathymetry
and habitat type was also registered in the database.

At the same time, all museum specimens of the large decapod collections hosted in
ZMAUTH were registered in an interrelated Access table of the database along with the
sampling station data. Until now, a total of 235 decapod species have been registered in
the database.

During the second stage of the information system development, which is still in
progress, a thorough review of the international relevant literature is being carried out
and all the information concerning the registered species is being gathered and then
categorized in the following thematic sections: systematics, zoogeography, ecology,
management and cultural status. All this information is registered in the database as
literature citations. The dissemination of the available information is materialized
through the web site of ZMAUTH (http://zoological-museum.bio.auth.gr), through
which a possible user can access the information system on the decapod collections. The
web site runs in a client-server mode and is built with the ASP (Active Server Pages)
framework, permitting the dynamic content of the web pages.

A possible user starts navigating on the museum web site by selecting the invertebrate
collections link in the main home page. In this way he is transferred to a web page
containing illustrated links of the major invertebrate taxa represented in the museum’s
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collections. By clicking the Arthropoda link he can navigate down to Decapoda through
a serics of static web pages, each one representing a lower rank in the systematic
hierarchy of Arthropoda. The use of images and sounds in the design of these static web
pages facilitates the use of this information system for educational purposes. Finally by
selecting a certain decapod taxon the database is queried through SQL (Structured Query
Language) and a list of the available species of this group, registered in the museum
collections is given.

The selection of a certain species from this list leads the user to the species main web
page containing the species scientific name and authority, an image of the species and
button-links for the 6 main thematic sections (Systematics, Zoogeography, Ecology,
Biology, Specimens, Management, Cultural) containing information about the certain
species.

The Systematics web page contains the most important literature references concerning
the etymology of the species name, major synonyms and distinct key characters for its
identification as well as detailed images of these characters. Each of the references given
has a specific code number which appears as a text-link next to the reference. By
clicking on this link a new window pops up giving the reference full details. Links to
other relevant internet resources are also provided.

The Zoogeography link in the species main page leads to a new dynamic web page
where by using Macromedia Flash technology, a dynamic map is created demonstrating
the distribution of the certain species in the Mediterranean regions, the Black Sea, the
Red Sea and the NE Atlantic, according to the literature information stored in the
database. These data are depicted on a raster map image which shows the certain
geographical arcas with two different colours according to the presence or absence of the
species (Fig. 1).
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Utilization of the information system in research and education

This information system can prove to be a very useful scientific and educational tool due
to its structure, the contained information and its updating possibilities as well.

An example of the use of this information system is the acquisition of new information
on the vertical distribution of a decapod species or a group of species. When a new
specimen of a certain species is registered in the database, the museum data bar in the
corresponding dynamic chart in the species ecology web page (Fig. 4) is updated
according to the sampling station’s depth. Through the comparison of this bar with that
resulting from the relevant literature information, it can be assessed whether the known
vertical distribution of the certain species is expanded in shallower or greater depths.
Thus, through this procedure new scientific information is acquired.

A second example concerns the potential acquisition of new information on the
geographical distribution of decapod species which are Lessepsian migrants. When a
specimen of Lessepsian migrant species is collected and registered in the database, the
position of its sampling location will appear in the corresponding dynamic map of the
Eastern Mediterrancan which also depicts all previous locations where this species has
been recorded till now (Fig. 3). By the evident comparison of the geographic location of
the sampling station with the previous known distribution of this Lessepsian species, a
possible user can assess whether the known geographical distribution of this species is
expanded and hence if new information is acquired.

This information system can also be a very useful medium for educational purposes. It
can be integrated in courses dealing with zoology, marine biology or zoogeography.
Through the static web pages students can be trained in the basic concepts of
invertebrate systematics, while the resources contained in the dynamic web pages can
contribute to a better training and understanding of the ecology and zoogeography of the
decapod fauna of the Mediterranean and the NE Atlantic.

Future plans

The Zoological Museum of the Aristoteleio University of Thessaloniki hosts large
collections of many other invertebrate groups (e.g., Porifera, Actiniaria, Polychaeta,
Peracarida) which comprise more than 2,000 species. In the future, all these species will
be registered in this information system along with the relevant literature information.
All these data will be available through the web site of the Zoological Museum (A.U.Th)
using the same presentation scheme as it has been done for the decapod species. This
information system intends to be a single source of information on the marine
invertebrate diversity of the Aegean Sea and to contribute to the free dissemination of
the relative information in the international scientific community and to the development
of educational tools for a more comprehensive training of the students in the
fundamental concepts of biodiversity, zoogeography and ccology of marine
invertebrates.
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Abstract

Phytoplankton taxonomy requires comparison of large volumes of information including images of
taxa from different geographical areas. The internet should be ideally suited for this task.
However, despite its advantages compared with traditional dissemination methods and the huge
array of different online taxonomic resources, it lacks the evaluation and validation mechanisms of
traditional resources, and ‘ground rules’ for the treatment of taxonomic data have not yet been
established. PLANKTON*NET@AWTI contains more than a thousand plankton images from the
North Sea and different collections from all over the world. The database can be searched
alphabetically or via collections. Each record can be viewed as a standardized data sheet with
images and taxonomic descriptions. Comment functions are also provided but their administration
has yet to be discussed. Images from different collections can be compared, facilitating the
detection of taxonomic inconsistencies and geographic variations in morphology.
PLANKTON*NET is a collaborative project with partners at Roscoff and in Woods Hole, but the
individual sites are not yet networked. We are currently exploring mechanisms for future database
formats and ways of networking existing resources to maximize the benefits for taxonomic
research. Our favoured approach will be to follow the Open Archives Initiative Protocol for
Metadata Harvesting (OAI-PMH) as an application-independent interoperability framework based
on XML technology, so that the integrity of local taxonomic initiatives can be maintained, while
sharing content but this will also require discussion within the wider scientific community.

Keywords: Taxonomic database; long-term data; data analysis; OAI.

Introduction

Global change phenomena have already been shown to affect biological communities.
Conclusions as to what exactly the long-term consequences of global change events on
communities in different types of ecosystems might be vary widely, but there is some
agreement that these impacts will be profound. One reason for the difficulties in
analyzing and predicting long-term trends is that such analyses critically depend on
reliable biodiversity data about the ecosystem under study. However, such baseline
taxonomic information is often lacking and how environmental changes will affect
species, communities and the stability of the affected ecosystems in general is therefore
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difficult to predict (Danielsen, 1997; Fjeldsa and Lovett, 1997; Gray, 2001; Piraino et
al., 2002).

Filling gaps in the knowledge about the number of species within a given geographic
arca would normally be the domain of trained, specialized taxonomists. However, there
is today only a relatively small number of such specialists, facing millions of unknown
taxa particularly in marine systems. In addition, the traditional publication process is
very complex and expensive excluding many potentially interested parties from quick
access to new information that could be vital for the design of new scientific
programmes (Agosti and Johnson, 2002; Godfray, 2002).

Trained taxonomists are becoming rare for many species groups and many taxonomic
collections that have been built over years or even decades are not maintained beyond
the retirement of the scientists who assembled them. This together with slow and patchy
access to existing and emerging information will lead to the loss of vital information and
duplication of research efforts. This is happening at a time where financial resources are
often stretched and where concurrently there is a renewed need for taxonomic expertise
as entirely new habitats e.g. in the deep-sea are discovered (Morin and Fox, 2004).
Online resources, if properly organized and co-ordinated could be one way out of that
dilemma (Costello, 2003). This paper presents PLANKTON*NET@AWTI a resource that
is developing a concept for not only site design but also participation of the scientific
community to provide a widely accepted, casy to implement and cost effective format
that can deal with the problems described above. Once fully implemented
PLANKTON*NET@AWI can complement and enhance traditional data dissemination
methods.

Methodology and Data Acquisition

The database set-up is based on mySQL/ PHP which is open source software and casy to
install and run. Further modules are based on XML and we are trying to establish a pilot
for links using open archives initiative meta harvesting protocols (OAI-MHP) with our
existing partners at the Station Biologique de Roscoff, who are hosting a second
PLANKTON*NET site with their own data.

Data acquisition for PLANTKON*NET is essentially a collaborative process and the
PLANKTON*NET developers and administrators are aiming at developing a resource
that can act as a custodian for the data of different data providers, where on behalf of the
data provider, PLANKTON*NET is handling all data processing and their addition to
the database as a collection of images and taxonomic descriptions. In return these data
providers will have a say in the further development of this resource. Individual
contributors” records are clearly identifiable in the database and each contributor can
provide additional information for the design of a customized introduction page that
describes the institute at which the data were collected, provides geographical
information about the sampling origin etc. The contributor wherever possible, provides
image information in .tif format. These are then processed and will be used as jpg
throughout the site and as .tif for download versions of all of the images. Where
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interoperability between PLANKTON*NET nodes and with already existing resources.
The third step will be the addition of modules such as a library of taxonomic keys. These
will be xml based matrix keys. By applying the emerging TDWG standard (Taxonomic
Databases Working Group) for representation of descriptive data, (structure of
descriptive data, SDD), PLANKTON*NET@AWI will be able to ensure that
information is usable with different key production software tools, again allowing
flexibility for local initiatives.

An important point to stress is that this resource is not in competition to existing
resources. On the contrary, it is vital to maintain dialogue with these initiatives to
maintain interoperability between resources. But with its clear focus on plankton
taxonomy and in addition the analysis and interpretation of plankton data,
PLANKTON*NET@AWI can provide a future essential tool for phyto- and zooplankton
taxonomists world wide and can be used as a standalone tool or in conjunction with
other existing resources, so that all the information necessary for gathering reliable
biodiversity information, can be easily assembled and used.

The main underlying principle is to produce a resource that can be used on a par with
traditional paper publications. This requires several prerequisites. Firstly the site
structure has to be such that it is transparent, i.e. with all information necessary to judge
the quality of the information presented. Secondly the format has to be supported and
recognized as a valid format by the scientific community. It is for this reason that the
PLANKTON*NET project is placing considerable emphasis on collaboration and
communication with external experts and data providers to ensure that this resource will
be of the utmost relevance to scientists in general, not only taxonomists and that
importantly it is maintained in the long term (despite the financial pressures placed on
most of the participating institutes). It is therefore vital that PLANKTON*NET is
inclusive at every point of its development and is seen to encourage participation of
additional data providers in the future. Providing a clearly and logically structured
coherent site structure will aid this process.

The PLANKTON*NET concept allows scientists holding taxonomic collections, to have
them preserved with minimum investment, while still having a say in the treatment of
their taxonomic material within the database. With an increasing number of contributors
this will become not only a means of preserving taxonomic information and the integrity
of individual taxonomic collections but also, and importantly, a means of quality control
of the data sets within PLANKTON*NET. This will allow the production of a reliable
resource without the need for restrictive and, above all, time and money consuming
editorial structures, but yet trusted in the same way that traditional paper based
publications are. This resource is in no way meant to replace conventional resources but
to complement them. The challenge of this and other future resources will be to achieve
this without restricting one of the greatest strengths of the worldwide web: the ease and
speed of the cost effective transfer of scientific information worldwide.
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Abstract

Oceanographic data were obtained from ship cruises conducted from 1965 until 2003 in the neritic
and oceanic Lebanese waters (Levantine Basin). They include, in addition to Plankton community
diversity and abundance, main hydrographic data such as temperature, salinity, dissolved oxygen,
water transparency, chlorophyll a, nitrates and phosphates. The purpose of this work was to
elaborate a dataset and database for the biodiversity of the plankton community in relation to the
hydrological conditions of the area and the abundance of species populations. Spatial and temporal
qualitative and quantitative distributions of the species and groups are strongly correlated to
seasonal variations of hydrological parameters. The thermal annual cycle splits up in two difterent
phases: a cold phase in winter (December-March) and a warm phase in summer (June-November),
separated by a short spring inter-season. During the winter period, isothermal conditions prevailing
in the 0-200 m water column are characterized with relative low temperature and salinity averages,
poor plankton productivity and low biomass contrasting the high species diversity. The warm
phase in summer is characterized by high surface water temperatures and salinity, accompanied
with the formation of a thermocline in the layer 35-75m and a water layer stratification, which
creates a hydro-thermal barrier avoiding exchange of water masses and vertical migration of
organisms and low plankton biomass and diversity. A short spring period (April-June) is
characterized by optimal hydrographic conditions that induce phytoplankton growth leading
sometimes to little blooms, followed by high zooplankton production contrasting the low species
diversity. During the long-term survey we noticed certain hydrological changes in the Levantine
Basin, expressed by small rises in temperature (AT=0.4°C) and salinity (AS= 0.35%0) and
increasing migration. To date 400 phytoplankton species and more than 750 zooplankton taxa,
were identified in the area, of which dozens of introduced exotic species are of Indo-Pacific origin.
These changes induced some ecological evolutions in the marine ecosystems and are due to the
regulation of the water level of the Nile by the Aswan High Dam by reducing the amount of
freshwater outflow in the Mediterranean, and the deepening of the Suez Canal accelerates the
northward current and thus facilitates the migration process. Global warming may also contribute
to these hydrological changes in generating a certain “tropicalisation” of the Levantine Sea.

Keywords: Lebanese waters; Levantine Basin; Plankton datase; Biodiversity.
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Introduction

The Eastern Mediterrancan, particularly the Levantine Basin, is the most impoverished
and oligotrophic water body in terms of productivity and nutrient concentration (Krom et
al., 1991). There is a well-defined eastward trend in nutrient ratios over the entire
Mediterrancan that starts at the Gibraltar straits, and continues through the western basin,
towards the eastern basin. The supply of nutrients to the Mediterranean is limited by
inputs from the Atlantic Ocean and those of various rivers surrounding the sea (Hecht
and Gertman, 2001). These authors have found that the surface layer to a depth of 150m
had a nitrate concentration of less than 1pmole.I” and the maximum reached was 5.4 -
6.5umole.1". Comparing the nutrient distribution and budget in the Mediterranean and
the Red Sea, Souvermezoglou (1988) suggested that the Mediterranean receives 70% of
its nutrient supply from the Atlantic, the rest of nutrients being provided by the rivers.
The low concentration of nutrients, namely phosphates, nitrates and silicates induces low
primary production due to poor chlorophyll content (Berman et al., 1984). The strong
evaporation and the shortage of freshwater input, makes of the Levantine Sea a
concentration basin with a relative warm and high saline water body, where the
temperature and salinity are the highest of the whole Mediterranean (Lacombe and
Tchernia, 1972). The water masses mixing during homothermic winter period provide
nutrients from the deep layers to the cuphotic zone (Dugdale & Wilkerson, 1988; Ediger
et al., 1999). It has been demonstrated that the near-bottom chlorophyll-maxima are
recorded in summer between 90 and 120m below the thermocline and above the
sediments and over the continental shelf in the southeast Mediterranean off the Israeli
coast (Townsend e al., 1988); The bottom sediments can constitute the main source of
nutrients for picoplankton and nanoplankton development and thus for chlorophyll-a and
zooplankton production.

Very little was known about the Levantine Intermediate Water (LIW) and deep
circulation in the Eastern Mediterrancan until 1991. After the POEM results were
revised and added to the Meteor expedition 1995, new findings were introduced
regarding a big transition in the circulation of LIW. Malanotte-Rizzoli et al. (1998) have
suggested that the LIW formed inside or in the periphery of Rhodes gyre is blocked in its
westbound route by a three-lobe strong anticyclonical structure in the Southern
Levantine, which induces a substantial LIW recirculation in the Levantine Basin itself.

The general circulation along the coast of Lebanon is dominant in northward direction
during most of the year, in accordance with the general counterclockwise current gyre of
the Eastern Mediterranean. This current is locally modified by the configuration of the
coastline and the topography of the narrow continental shelf. This results in a series of
clockwise directed eddies and small gyres associated with bays and headlands as well as
with numerous submarine canyons incised in the continental shelf (Goedicke, 1972).
Water movements along the coast are strongly associated with surface currents and
seasonal meteorological factors. More detailed hydrographic data and its relation to
plankton biodiversity were reported in previous work (Lakkis ef al.,1996; Lakkis, 1997).

The spatial and temporal variability in plankton communities is mainly correlated to
seasonal hydro-climatic factors prevailing in the area. Seasonal changes in the quality
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Concentrations of nutrients reach their maximum levels in January (PO4=0.25 pmole.I";
NO3=0.33 pmole.I"); whereas CHL-a is low during this period, averaging 0.09+0.04
mg.m” for the season. Phytoplankton standing crop is very poor and zooplankton
biomass is at lowest annual values, contrasting with high species diversity (Lakkis,
1997) .

Warm phase

This phase coincides (if past tense, there should be past tense in cold phase and probably
a year) with the hot long period of summer (June-November), during which the
thermocline is formed between 35 and 75 m, accompanied by water column
stratification. Surface water temperature increases to reach its maximum in August or
September with a peak of 30°C. Salinity reaches a maximum of 39.62%0 + 0.15 in
September at offshore stations, which is the highest value in the entire Mediterranean.
Low phosphate and nitrate concentrations during this period, coincides with the lowest
CHL-a of the whole year (0.07+mg.m~+0.05). Dissolved oxygen at the surface drops to
its lowest level in August (5.72 ml.I" +£0.03) due to rising temperature.

Spring Inter-season

This short phase corresponds to the spring season (April-June) and is characterized by
optimal hydrological conditions suitable for phytoplankton growth, leading sometimes to
a little bloom at coastal water with high CHL-a values (0.41mg.m™+0.12). Water
temperature varies between 21°C in April and 23°C in June, while moderate salinity
varies between 39.35%0 and 39.42%o respectively. Dissolved oxygen in the euphotic
zone is correlated to high phytoplankton standing crop. Nutrient concentrations drop to
minimum averages in June for phosphate (0.05umole+0.01) and in May for nitrate
(0.17umole+0.09). This decrease is due to the use of nutrients by the microalgae for their
growth.

Taxonomic Diversity of Plankton Community

Plankton community of the central Levantine Basin, although impoverished, remains
diversified; most of Mediterranean groups of species are present. Several species of
Indo-Pacific origin have migrated through the Suez Canal to establish permanent
populations confined to the Eastern Mediterrancan. Few of them have in mean time
extended to the Western Basin.

Phytoplankton

About 400 phytoplankton species were found in the Lebanese waters, including 160
diatoms and 230 dinoflagellates. Some silicoflagellates were also identified. The
composition of the phytoplankton populations varied in space and time. Several species
occur permanently; they are found all year round, whereas many others are encountered
only during some months of the year (Lakkis & Novel-Lakkis, 1981). The major taxa are
given in Fig. 5 and Table III.
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Monthly changes in species diversity and abundance of phytoplankton depend on hydro-
climatic factors and hydrological conditions. At offshore stations, surface temperature
ranges between 16°C in February, and a maximum of 30°C in August. Seasonal
variability of salinity is small; it ranges between 39.29%¢+0.49 in March and
39.62%0+0.34 during September). Nutrient concentrations display strong monthly
variations at the surface, with a maximum in January for phosphate (0.25pmole+0.05)
and nitrate (0.33umole£0.15) and a minimum in June (phosphate) and May (nitrate)
CHL-a displays great scasonal variations, the minimum average is recorded in
September (0.07mg.m™) and maximum in May (0.39mg.m™ ) at open sea.

The annual cycle of phytoplankton displays two peaks: a major one in May-June and a
2™ Jess important on¢ in October-November. In summer, during the water stratification,
the plankton at the surface water is very poor in quantity as well as in diversity (Fig. 6).
At 10-25 m the phytoplankton is more abundant and more diversified than at the surface.
In winter the isothermic conditions and the turnover of water masses are not suitable for
phytoplankton growth, which keeps densities at a low level.

(ew/Bw) ssewoig uopjue|dooz

Chlorophyll-a (mg/ma3)

0 T LI LI T LI LI LI T LI T LI LI LI I
JFMAMJJASONDJFMAMJJASOND

2000 pomhs 2001

Fig. 6. Seasonal variations of chlorophyll a and Zooplankton at surface offshore station J2 during
2000-2001.

During spring (April-May) phytoplankton reach their maximum abundance ranging
between 50.000 and 100.000 cells1™. At the same time, the diversity is very low,
because of the dominance of few species. In summer, following the breakdown of spring
phytoplankton bloom, the cells density drops to 3000-10.000 cells.I™. Abundance of
phytoplankton and chlorophyll-a shows a decreasing gradient from coastal waters
towards offshore deep waters. Regarding the vertical distribution, the phytoplankton is
abundant at the upper 50 meters and decreases drastically to disappear at 100m.
However during summer and fall, the maximum depth for chlorophyll is recorded over
the bottom sediment at 90-120 m due to source of nutrients from the regeneration of
benthic organic substances.

Zooplankton

To date about 1000 zooplankton taxa were identified in the Lebanese secawaters,
including all the planktonic groups from protozoans up to prochordates (Larvacea and
Fish larvae). 250 microplankton species were found, of which 141 Tintinnids, 25
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ZOOPLANKTON GROUP
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Fig. 8. Taxonomic Diversity of Zooplankton community in Lebanese seawaters during 1965-2003.

Winter: During the isothermic conditions, the zooplankton occurs inlow abundances,
but with high species diversity. Most of the species found at the surface are mesopelagic
forms and are carnivorous, for example large Copepods, Siphonophora, Hydromedusae,
Chactognatha, etc...

Spring: With optimal temperature, and following the phytoplankton growth, the
zooplankton starts to develop, namely herbivorous species reach the maximum of their
abundance in May-June. Among those we mention phytoplankton filter feeders:
Copepods, Appendicularia, Thaliacea, several small larvae.

Summer-Fall: After the break-down of the microalgae bloom in June-July, the
abundance of zooplankton starts decreasing, to reach a minimum in August-September,
coinciding with the stratification of water layers and the heavy thermocline which form a
thermic barrier to the ascent of elements from the depth to the surface. Many groups
became rare, whereas the meroplankton is enriched with various planktonic larvae of
benthic organisms such as: Polychacta Crustacea, Mollusca, Echinodermata and pelagic
namely fish eggs and larvae, Crustacea and Cephalopoda larvae.

Exotic and Introduced species

36% of the dinoflagellates and 26% of diatom species present in the Levantine Basin
including Lebanese sector, inhabit also the Red Sea; 45% of the planktonic fauna are
common in the two marine Environments (Halim, 1969; Lakkis, 1980), most of them are
considered as Lessepsian migrants (Table V). Migration process from the Red Sea into
the Mediterranean, began after the opening of the Suez Canal in 1869. Previously to this
period, few data on introduced species of fauna and flora of the area existed. More
attention was given afterwards to the oceanography of the Eastern Mediterrancan
regarding the diversity and the impact of migration species (Por, 1978; Gurney, 1927).
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Table V. Number of species in each planktonic group found in Lebanese waters. The
number of exotic species, commonly found in the Red Sea and Levantine Basin.

Code Group Nb.species Nb.species
in Lebanon in common with Red Sea
DIA  Diatoms 160 40
DIN  Dinoflagellates 230 70
TIN  Tintinnids 141 40
FOR  Foraminifera 25 -
RAD Radiolarian 25 ?
HYD Hydromedusae 74 11
SCY Scyphomedusea 8 4
SIP Siphonophores 28 18
PTE Pteropoda 8
HET Heteropoda 4 ?
POL  Polychactes & larvae -
LCL Cladocera 6 2
AMP Amphipoda 25 7
COP Copepoda 175 50
DEC Decapod larvae 109
CHA Chaetognatha 10
THA Thaliacea 6
APP  Appendicularia 15 8
ICH Ichtyoplankton 95 15

Inter-annual fluctuation

Variability between years of hydrology and plankton data are not very big; similar
patterns in seasonal variations are observed from year to year depending on the
parameters measured. The coefficient of variations for temperature between the years
was 10% and for salinity 0.04% at the same stations. Inter-annual variability between the
concentration of Chl.a was bigger than those for zooplankton biomass, respectively 25%
and 15% (Fig. 9).
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Fig. 9. Interannual fluctuations of Zooplankton biomass and Chl.a at surface seawater.

Discussion and conclusion

The eastern Mediterrancan is a highly oligotrophic water body and a typical region of
low productivity, due to limited nutrient supply in the euphotic zone (Ediger et al.,
1999). The hydrological and plankton time series data showed a clear regularity with
minima and maxima, namely at surface layers. Seasonal variations of hydrological
parameters and plankton in deep water are not as pronounced as at the surface. Inter-
anmual fluctuations are very similar year to year; on the other hand, they are more
important between inshore and offshore waters. Vertical distributions of plankton data
are more pronounced in the euphotic zone and neritic waters than in oceanic zone. These
results are similar with those obtained in North East Mediterranean region, e.g.
Iskenderoun Bay (Ylmaz and Tugrul, 1998). The extent of these variations is due mostly
to hydro-climatic factors and nutrient cycles prevailing in the upper layers.

The water stratification and the heavy thermocline are more pronounced in the Levantine
Basin than in other Mediterrancan regions (Hecht, 1992). Vertical distribution of
temperature is determined by the thermocline in summer and by isothermic conditions in
winter; it has a great impact on vertical distribution of planktonic organisms. These
spatial changes in plankton composition and abundance are significant between stations
and between levels. Seasonal variation patterns of both phytoplankton and zooplankton
are mostly similar between stations and between years, with a maximum in spring and a
minimum late summer.

Over the 33 years of survey, we noticed certain changes in some hydrological
parameters. During the last four decades we have observed 0.35%o, increasing salinity
and 0.40°C temperature. This change is mainly due to the stop of the Nile flood after the
building of the Aswan High Dam; the global warming might have some effect in this
respect as well. During the last four decades, a certain “tropicalization” of the Levantine
waters was observed (Lakkis ef al., 2003). This natural phenomenon is expressed by the
increasing trend of the temperature and salinity that became close to those prevailing in
the Red Sea. These hydrological changes have induced some ecological changes in the
Levantine marine ecosystems, namely in the biodiversity following the Lessepsian
migration of several marine species from the Red Sea to the Levantine basin.
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Abstract

TAXEX is a series of taxonomic expert systems, which are developed to help scientists to
professionally identify living organisms. They provide scientists with different taxonomic
information, including taxon descriptions and diagnosis, geographic distributions, scientific
nomenclature, identification keys and illustrations; it creates a tool for interactive identification of
living organisms and trains new taxonomists. The main goal of TAXEX is to give public access to
taxonomic and expert knowledge of the Black and Azov Sea biota. These systems can be used in
interdisciplinary sciences like biological oceanography, biophysics, landscape ecology,
bioecology, etc., in which specialists from different scientific fields are needed. Using taxonomic
expert systems instead of high-paid taxonomists will reduce costs of scientific research and will
allow many scientists without a specific biological education to work independently.

Keywords: TAXEX; Taxonomic expert system; Identification; Taxonomists training, Taxonomic
knowledge base.

Introduction

The loss of biological diversity, our genetic heritage and the loss of habitats is
accelerating in many parts of the world. That loss, exacerbated by our incomplete
knowledge of the ecarth’s biota, diminishes stewardship, restricts management, and
imperils conservation of biological resources. Two components of this global problem
are:

¢ loss in expertise necessary for the identification and inventory of biota
e poor state of knowledge of many aquatic and terrestrial organisms.

TAXEX (an abbreviation of TAXonomic EXpert system) is a series of taxonomic
systems created to solve the problems mentioned above. They provide scientists with
various taxonomic information, including taxon descriptions and diagnosis, geographic
distribution, scientific nomenclature, identification keys, illustrations; it gives them a
tool for interactive identification of living organism and allows training of new
taxonomists. The main focus of the TAXEX Project is the Black Sea and Azov Sea
region. The biodiversity of the Black and Azov Seas is well documented in local
monographs and scientific papers, but there are no public Internet resources for those
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regions. In the past few years, interest in this region has increased, due to unique
discoveries of species previously unknown to science, inhabiting the hydrogen-sulphide
zone of the Black Sea (Sergeeva, 2003). Previous considerations stated that there was no
life in that particular zone except for anaerobic bacteria. Besides traditional Black Sea
species, some unique fish, which previously did not occur in the Black Sea, have now
been observed, for example, Sphyraena obtusata, Micromesistius poutassou, and
Heniochus acuminatus. New migrant species have been found and described as well.
The creation of publicly accessible Internet resources will help enhance conservation of
biodiversity of the Black Sea and Azov Sea region, it will enlarge our knowledge of life
in the region and it will open a way to gather new information (Tokarev ef al., 2002).

Objectives
The objectives of the TAXEX Project are:

¢ to collect, describe and classify broad taxonomic resources of the Black and Azov
Sea

¢ to maintain a vast knowledge of Black and Azov Sea biota in databases and
knowledge bases and save it for future generations of scientists

¢ to store the knowledge of expert taxonomists in the right format within taxonomic
expert systems

e to give public access on taxonomic and expert knowledge of the Black and Azov
Sea biota to the scientific community and to fill the gap of non-accessible
information about Black and Azov Sea flora and fauna

¢ to develop software for expert taxonomic identifications of the Black and Azov
Sea biota, and for training new generations of taxonomists

History and enhancement of TAXEX

TAXEX is a taxonomic expert system — an interactive computer identifier of biological
species — and a knowledge base including specific taxonomic information, a glossary of
terms, references, etc. TAXEX has been developed since the end of 1980s at the Institute
of Biology of the Southern Seas (Sevastopol, Ukraine). During the development of
TAXEX, the algorithms to taxonomic identification and the interface to present this
knowledge has changed since, but the traditional dichotomous taxonomic keys were
never used. We tried to model the behavior of the expert, when he is identifying a taxon.

The first system’s versions were working under MS DOS, but this had many limitations.
The first version of the TAXEX Expert System was based on the conception of the
frame — which is a computerized presentation of the expert’s idea about the identified
object. Defining the frame properties allowed to identifying taxa. These principles were
the basis of a computer identifier of the Black Sea Isopoda (Lelekov ef al., 1996;
Butakov et al., 1997b). Drawbacks of this approach had become apparent under attempts
to create new identifiers. The description of frames and the different rules on how to use
them were so specific for every group of organism that the creation of a common method
to forming frame descriptions became difficult. Hence, further developments were













































































































































































































































