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semantic web, The SWARA (Semantic Web And Repurposing Applications) Project is focused on
wildlife, investigating how to support and enhance access to Web-based information sources and
biodiversity, 'services, for members of specific communities of interest. The project is based at the
. . Institute for Learning and Research Technology (ILRT), University of Bristol, and is
|nf0|_’mat|0n funded by Hewlett Packard (HP) Labs and is being conducted in order to support a
sharing, European Union funded research project, called SWAD-Europe (Semantic Web
interoperaIion Advanced Development). The context of this activity is the planning for the Semantic
information Community Portal Demonstrator work package of the SWAD-E project. This piece of
ecology work aims to develop a demonstrator to explore how Semantic Web (Section 12 below)

approaches and technologies can help make the access Web-based data more accessible,
to communities of interest via the use of Community Portals - i.e. Web-portals that
provide customised 'views' of information. This information may be a single source or
from multiple sources aross many Web-based databases. In order to understand how
community portals might support communities of interest, it was decided to conduct a
background survey and so characterise a particular subject domain, including kinds of
information, organisations involved in its creation and use and how and why the
information is used. The particular subject domain, chosen was biodiversity/wildlife
information in the UK. It was decided to use atwo pronged approach to the survey using
interviews (with individuals involved in key organisations and projects) and a parallel
background literature review. This report summarises the findings of that survey activity
conducted between March and June 2003. This report provides a basic introduction by
characterising biodiversity, wildlife and more broadly environmental information in the
UK - a much richer and more diverse research area than was originally imagined. A
number of key organisations, projects and initiatives are reviewed to provide deeper
background and context. Thisisfollowed by areview of some of the technical standards
identified as part of the research. The final sections pull the findings together to discuss
a number of common issues and problems in the collection, collation and sharing of
biodiversity/wildlife information and related these to possible application areas and
projects for the SWAD-E semantic community portal demonstrator.
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Abstract

The SWARA (Semantic Web And Repurposing Applications) Project is focused on investigating how
to support and enhance access to Web-based information sources and ‘ services', for members of
specific communities of interest. The project is based at the Institute for Learning and Research
Technology (ILRT), University of Bristol, and is funded by Hewlett Packard (HP) Labs and is being
conducted in order to support a European Union funded research project, called SWAD-Europe
(Semantic Web Advanced Devel opment).

The context of this activity is the planning for the Semantic Community Portal Demonstrator work
package of the SWAD-E project. This piece of work aimsto develop a demonstrator to explore how
Semantic Web (Section 12 below) approaches and technologies can help make the access Web-based
data more accessible, to communities of interest via the use of Community Portals —i.e. Web-portals
that provide customised ‘views' of information. This information may be a single source or from
multiple sources across many Web-based databases.

In order to understand how community portals might support communities of interest, it was decided
to conduct a background survey and so characterise a particular subject domain, including kinds of
information, organisations involved in its creation and use and how and why the information is used.
The particular subject domain, chosen was biodiversity/wildlife information in the UK.

It was decided to use atwo pronged approach to the survey using interviews (with individuals
involved in key organisations and projects) and a parallel background literature review. This report
summarises the findings of that survey activity conducted between March and June 2003.

This report provides a basic introduction by characterising biodiversity, wildlife and more broadly
environmental information in the UK —a much richer and more diverse research area than was
originally imagined. A number of key organisations, projects and initiatives are reviewed to provide
deeper background and context. Thisis followed by areview of some of the technical standards
identified as part of the research. The final sections pull the findings together to discuss a number of
common issues and problems in the collection, collation and sharing of biodiversity/wildlife
information and related these to possible application areas and projects for the SWAD-E semantic
community portal demonstrator.

pjs'summary report of swara biodiversity info survey v1.0.doc - 24Feb04 - Pagel



Contents

1 BACKGINOUND ...ttt ettt et n e e 3
1.1 SWARA Project and Background MOEIVALION............ceeriiiiieniieie e 3
2 Aims, Approach and MethodOlOgY .........ccceereeriiriieiie e 4
P2 N [ 1S SRS PSRN 4
A Y o] (0o o TP PP 4
2.3 INEENVIEIW SEUDY ...ttt sttt b e et e b e nse e et e e nbeesaneenneenneenaes 4
2.4 LITEIaIUrNE REVIEIV ...ttt b ettt b e st e b nan e e s e e neenees 5
T I 0] (= oo AT PSP 6
3. Overview of Biodiversity and Wildlife Information Part 1 — Activity and Data................ 7
3.1 Biodiversity and Wildlife [and Environmental] Related ‘ Activity’ inthe UK ..........ccoceeneee. 7
3.2 Characterising Biodiversity and Wildlife INformation ...........ccccoeceeiieninnienieene e 12
4, Overview of Biodiversity and Wildlife Information Part 2 — UK Organisations,
oI o £ W TN = LA Y- S SPS 16
4.1 Illustrative Examples of Organisations, Projects and Initiativesinthe UK ...........cccoceeiiennne 19
4.2 European Organisations, Projects and INItIaliVES ...........cocveiiiiiiiieeiie e 27
4.3 International Organisations, Projects and INItIaliVeS...........cocveviiiiieiie i 32
AVAE Tola Yo I g1 0= oo < &= 14 o] o TP PR PPN 37
Standards and Standar ds DeVEIOPMENT .........ccueiiiiiieiieee e 39
6.1 Introduction and Context to Standards DevelOpPMENL............ccooeerierieenie e 39
6.2 SOME KEY SANUAITS .......eeiiiiieieiee sttt b e ne e 41
7. APProaches to INTEr OPEI ALION ........coiueeieieieeitie ettt sae e e b 49
8. AN INFOrmMation ECOIOQY ......cuueiuriiiieiieiiieeiiee sttt 49
9. Summary of 1SsUeSand ProblEmMS .........ooiiiiiii e 50
10. Potential Application Areasfor Semantic Web Technologies and Semantic
Community Portal Demonstrator in PartiCUlar ...........ccooeiiiiiiienieneeseesee e 54
11. CONCIUSION/POSESCI I ..ttt ettt ettt et san e b e e s b saneebeesneenaneen 57
12. Appendix: SWARA Project Background INformation ............cceceereeneeiieeneesie e 58

pjs'summary report of swara biodiversity info survey v1.0.doc - 24Feb04 - Page2



1. Background

1.1 SWARA Project and Background Motivation

The SWARA (Semantic Web And Repurposing Applications) Project is focused on investigating how
to support and enhance access to Web-based information sources and ‘ services', for members of
gpecific communities of interest e.g. members of the communities might be people with common
interests, for example; academics from a particular discipline, members of awork based team,
birdwatchers, or science educators or students.

The project is based at the Ingtitute for Learning and Research Technology (ILRT?), University of Bristol,
and is funded by Hewlett Packard Labs”. The project is being conducted in order to support a European
Union funded research project, called SWAD-Europe (Semantic Web Advanced Devel opment®)

Part of the work of the project is to study how Semantic Web (Section 12 below) approaches can help
make the development of Community Portals (see below) both simpler and more effective. The
context of this activity is the planning for the Semantic Community Portal Demonstrator® work
package of the SWAD-E project.

“The notion of semantic portalsis that a collection of resourcesisindexed using a rich domain
ontology (as opposed to, say, a flat keyword list). A portal provides search and navigation of the
underlying resources by exploiting the structure of this domain ontology. There may be an indirect
mapping between the navigation view provided by the access portal and the domain semantics - the
portal may be reorganized to suit different user needs while the domain indexes remain stable and
reusable. Thisindirection is exploited, for example, in the Curriculum Online project in which the a
2,000 term ontology of education concepts is used in the annotation of educational resources whereas
the access portal navigates these annotated resources according the current UK national curriculum
requirements. The mapping from user search or navigation terms to the domain ontology may itself be
an inferred step - as in the TAP semantic search demonstrator where free text search terms are
matched to property and class labels in the domain ontology to support semantic augmentation of a
conventional keyword search.

We used the qualifier community in the description of this demonstrator for several reasons. Firstly, we
are particularly concer ned with applications where some external community is cooperating to develop
the semantic indexing - both devel oping the ontol ogy itself and the categorization of the resources.
Secondly, we are looking at applications where in fact several communities with different interestsin
the same underlying resour ce set need different but overlapping categorizations. This combination
enables us to emphasize the web connectedness of the ontologies and indexed resources and gives us
an op[é)ortunity to explore the ontology development, reuse and mapping issues raised by the semantic
web.”

In order to understand how community portals might support communities of interest, it was decided
to conduct a background survey with the goal of characterising a particular subject domain. This
would include the kinds of information, organisations involved in its creation and use and how and
why the information is used. It was aso hoped that during this study it would be possible to identify
possible information types/sources and communities of interest, around which the Semantic
Community Portal Demonstrator could be focused.

It was decided that it would be valuable and interesting to focus on communities interested in Wildlife
and Biodiversity this was motivated by a number of factors, 1) our past experiences in the area as part
of the ARKive-ERA® (Educational Repurposing of Assets) project, 2) the domain has a complex and
long standing need for the sharing and interoperation of information for awide variety of purposes
including education, conservation planning & management, policy making and leisure provision etc.

3) though our involvement in ARKive-ERA we aready had a good network of contacts within the
sector.

! http://www.ilrt.bristol.ac.uk/

2 http://www.hpl .hp.com/

3 http://www.w3.0rg/2001/sw/Europe/

* http:/Aww.hpl.hp.com/semweb/portal .htm

5 http://www.hpl.hp.com/semweb/portal.htm

5 http://www.ilrt.bris.ac.uk/projects/project?search=arkive era
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2. Aims, Approach and Methodology

2.1 Aims

The survey should be seen as part of a scoping study, to help gain an overview of the key issues
related to the creation, aggregation and use of wildlife/biodiversity related information and services.

The primary goal wasto identify key issues and problems and identify potential areas of application
for Semantic Web technologies and in particular potential candidate problems, datasets and
communities for the SWAD-Europe Semantic Community Portal demonstrator.

Specific areas of interest include:

Existing projects, information, sources and servicesin this area

Nature of the information and services provided and used (possibly leading to a categorisation
or ontologies of these)

Identification of the key needs of members of the community(ies)

Nature of the motivation for access and actual use of information and services

Perceived weaknesses and/or gaps in provision

How the information is used, and re-used, within the sector — in particular focusing on
interoperability issues

The nature of current technol ogies and metadata standards employed within the sector

2.2  Approach

An approach was designed that combined 1) interviews with those involved in the production and use
of biodiversity/wildlife information with in key organisations and 2) background literature review —
largely Web-based, that focused on providing a high level mapping of activity, communities of
interest, organisations and technical standardsin the area.

It was felt that such an approach would provide richer and complementary data than either of these
alone. In practice this has indeed been the case, as the interviews have lead to much more effective
location of relevant literature, and the initia findings from the literature reviews has led to more
usefully targeted questionsin the interview studies.

2.3 Interview Study

2.3.1 Participants

There were anumber of factors that have been taken into account when deciding on exactly how to
choose the sample of interviewees for the survey. Specifically, ensuring that we talk to key and
representative organi sations who are providing relevant information and/or aggregation services or are
developing these and ensuring a balance between different types of stakeholders. Ideally optimising
the balance between trying to minimise the number of interviews and analysis time/effort while

getting maximum value from the survey.

There are avery large number of key organisationa stakeholdersin the wildlife/biodiversity domain
both as providers and users of information and services, e.g.:

National Conservation Organisations. e.g. English Nature, Scottish Natural Heritage,
Countryside Council for Wales, National Trust...

International Conservation Organisations. e.g. WWF and UNEP World Conservation
Monitoring Centre (WCMC)

Natural History Related Museums: e.g. the Natural History Museum and Bristol Museum
Z00s, Botanic Gardens and Herbaria: e.g. Bristol Zoo, Royal Botanic Gardensin Kew
Loca Record Offices: e.g. Bristol Regiona Environmental Records Centre (BRERC)
National Governmental Organisations. e.g. Department for Environment Food and Rura
Affairs (DEFRA)

pjs'summary report of swara biodiversity info survey v1.0.doc - 24Feb04 - Paged



European Projects & Organisations: e.g. European Funded Research and Development
Projects, European Environment Agency

Globa 'Governmenta’ Organisations: e.g. United Nations Environment Programme (UNEP)
News Providers [including specidist environmentally focused]: e.g. Environmental News
Network

Media companies [involved in documentary making] e.g. BBC, Survival and other specidist
Wildlife film companies.

National Environment Agencies: e.g. the UK Environment Agency

Loca Wildlife Trusts: e.g. Avon and London Wildlife Trusts

Educationa Organisations: e.g. Council for Environmental Education

Educational Ingtitutions: e.g. Schools and Universities

Research Institutions e.g. University Depts and National/International Research Centres e.g.
Natura History Museum and Royal Botanic Gardensin Kew

Specid Interest Organisations e.g. RSPB and Bat Conservation Trust

Web-based Information Providers e.g. ARKive, and the BBC

Conservation Volunteer Organisations e.g. BTCV, Wildlife Trusts

National Data Aggregators. e.g. National Biodiversity Network, OneWorld

Campaign Organisations. e.g. Greenpeace, Friends of the Earth...

The fina sample chosen was composed of representatives from 11 national and international
organisations or and/or work with organisations that were felt to represent those providing, using and
repurposing information across these groups. While some areas were not covered e.g. environmentaly
focused news providers, campaign organisations, it is felt that sufficient representation was gained for
the purposes of this survey. However any comprehensive survey of the sector would require a far
larger and wider ranging sample.

2.3.2 Methodology & Analysis

The interviews took place between March and May 2003. They were confidential [in the sense that
any personal views or opinions of interviewees have been anonymised prior to publication of any
reports], informal and semi-structured, lasting between 20 mins and two hours. The participants were
asked a number of questions based around the following four areas:

the types of information or servicesthat they currently use or provide

the types of information or services that they do not currently use or provide, but which might
be useful or desirable to use or provide

how these are (or could be) used and produced

how these might be usefully integrated together to as part of portal type Web sites

The discussion was lead primarily by the participants, allowing them to focus on the particular aspects
of the questions that are of interest to them and to which their experiences were relevant.

Written notes were taken by the researcher, and were typed up. The resulting documents were
analysed to identify key issues raised, identify patterns and relevant types of data, uses, sources, issues
etc... (Seeams above).

2.4 Literature Review

The literature review was conducted in parallel with the interview survey. These took the form of a
primarily Web-based survey, with an initial broad survey to identify; key organisations, projects, Web
sites and data sources, relating to biodiversity/wildlife and more broadly environmental information.

Thiswas followed up by atargeted review and analysis of information and organisations relating to
the specific areas under investigation e.g. data sources, technical standards, existing Web portals, and
existing integration interoperation initiatives. In many cases follow up, web-based research took place
after interviews, especially where specific organisations, projects, initiatives or Web siteswere
mentioned as part of the interviews.
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2.5 This report

This report provides an integrated summary of these two stands of research thereby providing 1) an
overview that will provide insight into the specific issues related to biodiversity/wildlife information
and also more generic issues related to many types of distributed, heterogeneous data and 2) help
identify potential application areas, problems and communities which could be part of the SWAD-E
Semantic Community Portal Demonstrator.

pjs'summary report of swara biodiversity info survey v1.0.doc - 24Feb04 - Page6



3. Overview of Biodiversity and Wildlife Information Part 1 — Activity
and Data

The following two sections provide a high level and integrated overview of Biodiversity and Wildlife
Information in the UK and a small number of relevant Europe and International organisations,
projects and initiatives. Beginning with asimplified attempt to characterise ‘ activity’ (i.e. what kinds
of activities take place) that make use of Biodiversity and Wildlife (and more widely environmental)
Information. Thisisfollowed by brief reviews of the nature of the information itself and in the next
section, some of the organisations, projects and initiatives that are involved.

3.1 Biodiversity and Wildlife [and Environmental] Related ‘Activity’ in the UK

Comprehensively characterising activities that relate to Biodiversity and Wildlife (and more widely
environmental) is atask that is beyond the scope of this short research project. However ahigh level
characterisation is a necessary pre-requisite to understanding the context in which any information is
created, used and re-used.

During the research alarge number of broad and widely used categories of ‘activity’ were identified.
Below isalist of some of those that appear to arise most commonly in the context of biodiversity and
wildlife information. Thisis not proposed as ataxonomy of such activities; indeed it quickly becomes
clear that a simple hierarchical taxonomy would be very difficult to produce and would be of limited
value. Thisis because the majority of ‘activities are inter-related, e.g. practical conservation work
might involve aspects of surveys/monitoring, environmental protection, consultancy, education,
public health and safety and other legidative regulations.

Conservation: Conservation activity tends to focused on practical species and habitat
conservation. Specific activities include monitoring and surveys of species and habitats to
inform practica action, planning [and often consulting] the practical activity taking into
account relevant policy and legislation and conducting the, practical work, itself. Many
organisations are directly involved in practical conservation activity including; the Wildlife
Trusts, English Nature and the other ‘ country agencies’, Local Authorities, the National Trugt,
local conservation trusts and many private land owners.

In practice the practical work is often undertaken in large part by volunteers. Organisations
such as BTCV' and the Wildlife Trusts® organise volunteer activities. The Nature Online
project (see section 4 below) has a major component focused on supporting volunteer activity
on National and Loca Nature Reserves.

The UK also acts as the base for alarge number of globally focused conservation
organisations e.g. UNEP-World Conservation Monitoring Centre (WCMC®) and Fauna and
Flora International (FFI'). These organisations while they have awider remit than the UK,
play amajor rolein the contextualisation of UK conservation activities at a global level.

The information needs of these groups vary significantly, depending on the scale and types of
activity. In genera information required will include having access to relevant species and
habitat observation data for the area, access to expertise in best-practice in the particular type
of conservation work (e.g. habitat or species expert knowledge), a knowledge of any
environmental protection or specia planning issues, ensuring public health and safety are met,
providing effective and up-to-date training for volunteers.

Informal Education/Leisure/General interest (i.e. non-professiona): The ‘general public
has a very significant interest in wildlife, biodiversity. Thisis reflected [for example] in high
membership of wildlife organisations (e.g. RSPB membership of 1,037,000), high viewing
figuresfor flagship wildlife TV programmes, and estimates of 856 million "leisure day visits

7 http://www.btcv.org/

8 http://mww.wil dlifetrusts.org/i ndex.php?section=hel ping:vol unteer
9 www.weme.org.uk/

10 www . .fauna-flora.org/
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from home" that specifically involved walking or rambling (source, ramblers association
based on 1996 figures™) and consistently high levels of concern about environmental issues
such as impacts of global warming and GMOs on the environment, in attitude surveys.

Activities under this category are massively diverse and include informal educational
activities (e.g. attending evening classes about local wildlife), visits to nature reserves, active
conservation or observation survey work as volunteers, TV viewing and Web browsing. The
information needs under this heading are thus equally diverse and there seems to be little non-
specialist research in this area

The general public is thus a magjor audience for biodiversity/wildlife related information and
thisis reflected in the very significant investment in the development of information resources
for the ‘generd public’ by al public-facing bodies. As part of this a set of e-government
initiatives related to ‘joining up’ and making information more accessible within government
and to citizens, a number of standards activitiesis taking place, the goal being to alow all
government services to interoperate — these include projects such as MAGIC (Multi-Agency
Geographic Information for the Countryside'?)

Environmental Protection and Monitoring: This activity is focused on the implementation of
existing legidation, conventions and other environmentally related guidance. In the UK the
Environment Agency (England and Wales™), Scottish Environmental Protection Agency
(Scotland™) and Environment and Heritage Service (Northern Ireland™) are responsible for
this activity at a National level. They draw on datafrom avariety of sourcesincluding
pollution, climate and river level data and species and habitat survey data, both from their
own sources, as well as those of other organisations. However the agencies also work
proactively promoting awareness of the regulations and good practice, e.g. though public
awareness raising programmes and providing guidance to businesses relating to their
environmenta responsibilities (see NetRegs project below).

Many other organisations are involved at national and local levels. Local Authorities have
specific responsibilities, similar to those of the national agencies, in their area. Many research,
conservation and campaign organisations play vital rolesin providing data and trying to
ensure compliance across the UK.

Species and Habitat Survey work: The collection, collation and dissemination of species and
habitat survey datais a central to the majority of the other categories of activity in thislist.
This dataisthe direct basis of medium and long term monitoring on which underlies the
majority of the other activities e.g. conservation activity, environmental protection, basic and
applied research, policy development, and planning processes and thus eventually onto all the
areas of activity.

The magjority of survey work is undertaken by many thousands of volunteers as part of
national ‘recording schemes' focused on groups of species; see for example the list at
http://www.brc.ac.uk/brcSchemes.asp. These collated survey results are then used for awide
variety of purposes including, conservation planning, policy making, research priority
planning...

Basic and Applied Research: Formal biological and ecological research activity takes place
in averity of settings e.g. in research ingtitutions across the UK they are located with in
Universities, specialist centrally funded centres e.g. Centre for Ecology and Hydrology
(CEH™) in Cambs and the Natural History Museum, London® aswell by statutory bodies
such as the Environment Agency and English Nature as well as privately within businesses
biotechnology and consultancies.

™ http://www.ramblers.org.uk/factshts/factsh12.html
12 http://www.magic.gov.uk/

13 \www.environment-agency.gov.uk/

1 www.sepa.org.uk/

15 www.ehsni.gov.uk/

18 http://www.ceh.ac.uk/

7 http://www.nhm.ac.uk/
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Research activity covers al possible aspects of biodiversity and wildlife including for
example, behavioura studies of individual sub-species, potential impacts of climate change,
renewable energy extraction, pollution or the introduction of Genetically Modified Organisms
(GMOs) on natural species and habitats, ecological relationships between species, the
development of new types of chemical analysis for extracting historic environmenta data
from geologica samples, possible commercia exploitation of speices/processes, etc.

Once again such studies are fundamentally important in the other activities within thislist,
ranging from being ‘news stories in themselves, to improving survey methods, to informing
changes in conservation practice or even International governmental policy. Validation and
dissemination processes are thus vitally important and dissemination to awider audienceis
taking a more centra role within the design and planning of projects than has been the case
previously. Thereis also asignificant role with respect to Public Understanding of Science
(PUS) issues.

Production and Dissemination of Wildlife/Environmentally Focused News: Environmental
issues are often in the headlines (e.g. reports of global summits or agreements, news about a
particular species at risk or evidence of climate change, research finding or local news items
relating to a nature reserve or pollution incident, etc.). In general such items form part a wider
range of news, however there are some specialist environmental news organisations (e.g.
Environmental News Network'®).

Increasingly news providers and aggregators are using network technologies to share and
disseminate stories e.g. ENN provide e-mail subscribers with daily email news service, major
news agencies provide RSS™ (Rich [or RDF] Site Summary) news feeds, which provide an
easy means for news items of all kinds to be published, aggregated and collated — thus
automatically generating focused and customised news feeds.

Production of wildlifelenvironmentally focused TV programmes and films: The wildlife
mediaindustry is avery significant business sector; key organisations include the BBC,
Granada Media and Discovery. These organisations rely on external sources of information
for background research prior to production. Media researchers and producers will use
standard texts on species, Web-based sources and in many cases experts from research
institutions or conservation organisations as consultants.

Increasingly these organisations also provide Web-based content themselves e.g. BBC
Nature® contains 100s of pages of content relevant to their wildlife programming, they also
provide amini species ‘encyclopaedia called Wildfacts™. Such developments coupled with
the fact that many wildlife media organisations also have links with sister news (see below)
organisations (e.g. BBC) mean that the wildlife mediaindustry may play a major role in the
dissemination of biodiversity and wildlife information.

Zoological and Botanic Gardens Collections Management: Zoos and Botanic Gardens often
hold important living specimens of rare and endangered species as well as more usual but
relatively in-accessible, species, which provide a[sometimes the only] means for the genera
public and specialists to gain first hand views or access to these species. Increasingly both
zoos and botanic gardens are involved in national and International conservation; captive
breading programmes and research programmes. A number of international organisations

such as ISIS (International Species Information System?) collate information from zoos
around the world.

ISIS provides “...computer-based information system for wild animal species held in
captivity. The ISIS central database contains information on over 1.65 million zoological
animals of nearly 15,000+taxa, approximately 10,000 species held in 586 institutionsin 72
countries on 6 continents. ISIS' Animal Records Keeping System (ARKYS) is used for
ingtitutional animal records by its members. ISIS ... is building an accessible archive of the

18

http://www.enn.com/

19 http:/vww.xml.com/pub/a/2002/12/18/dive-into-xml.html
2 hitp://www.bbc.co.uk/nature/

2L hitp://www.bbc.co.uk/nature/wil df acts/

2 http://www.isis.org/
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data needed for the longer term. Basic biological information such as age, sex, parentage,
place of birth, and circumstance of death is collected by 1SIS and used for many different
kinds of reports...”*

Many organisations act as both public *attractions' and research ingtitutions, (e.g. the Royal
Botanic Gardens at Kew being a prime example). They often work closdly to share best
practice in care for animals and plants and provide the pubic, educationa institutions as well
as other specialist organisations with wide range of information related to their collections and
any areas of specialisations.

Museums Collections description and management: There are many museum collectionsin
the UK that hold collections of wildlife specimensincluding ‘type’ specimens which are the
definitive example of a particular species against which all other identifications of individuals
of that species will be judged. These collections are of very great historic and research value,
arecent example of an attempt to make physical specimens available for research isthe
Darwin Centre at the Natural history Museum, London?”.

In many cases the collections have been devel oped over more than a hundred years and many
museums hold collections in vaults that are only accessible by special arrangement. In genera
the most historical [older] datais not yet computerised and very little catalogued materid is
Web-accessible. Indeed in many cases the only details held [at al] are in the form of entriesin
large paper based legers in date order, with no external indexes; or as part of a‘collection
level description” which give details of the collection but not the individual items. Up to now
the cost and practicalities of digitising and thus making accessible this metadata has been
prohibitive. The Natural History Museum is an interesting example of both a museum and a
world class Research Institute and with very rich and valuable collections. It is thus working
hard to provide digital access to its collection (see section 4 below for more detail).

Formal Education: Education both forma (e.g. school or certificated college and university
courses and corporate professiona development) and informal, covers one of the largest
activities which require biodiversity, wildlife and environment information. The types of
information and level of details varies massively depending on the academic level, subject
and depth of coverage of the course.

At school level in the UK the various Nationa Curricula of the individual countries specify
particular aspects of biology, ecology, sustainable development etc... that are required e.g.
see the ‘programme of study for Science Key Stage 1 (ages 5-7 years old), Life processes and
living things of the English National Curriculun?. Education for Sustainable Development
(ESD) is seen as a significant element of the whole curriculum and covers many issues related
to wildlife and biodiversity, see http://www.nc.uk.net/esd/index.html, for more details.

Nearly all organisations providing information for school level education, produce customised
teaching and learning materials (paper based and electronic and in some cases enquiry
services) for different key-stages and curriculum subjects®. Access to these resources is
greatly enhanced by various initiatives of the government and local authorities in producing
Web portals with provide aggregated and generaly quality controlled, access to appropriate
resources e.g. National Grid for Learning®, Virtual Teachers Centre®, National Curriculum
Onling®. The aggregation of this data has required the development of various technical
standards, see section 6 below.

Higher and Further Education (HE and FE) levels the production of specific learning
materials by organisations is somewhat rarer, however al and any publicly available
information resources are likely to be used as part of teaching and student based activity.
Increasingly the use of Virtual Learning Environments by Colleges and Universities asthe

2 http://www.isis.org/joinisis/fundamental s.pdf

24 http://www.nhm.ac.uk/darwincentre/

2 http://www.nc.uk.net/nc/contents/Sc-1-2-POS.html

% @ g. http://www.environment-agency.gov.uk/education/ and http://www.wwflearning.co.uk/).
2" http://www.ngfl.gov.uk/

2 http://vtc.ngfl.gov.uk/

2 http://www.nc.uk.net/
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primary means of providing customised access to ‘e-learning’  resources. To facilitate
interoperable access to electronic e-learning resources (e.g. Web based data, online
datasets...) anumber of National and International technical standards are evolving - see
section 6 below. Professional development activity islargely smilar to HE and FE in
information demands e.g. highly variable depending on the particular area and also
increasingly using VLE systems and associated technical standards.

Palicy, guideline and legidative development: In its broadest terms policy devel opment
(ranging from loose guidelines to legidation) is the area of activity that requires the greatest
degree of synthesis, integration and validation/quality control, of data.

In the UK avery large variety of organisations (e.g. research ingtitutions, local, national and
international conservation organisations) provide the raw data or specialist reporting feeding
into a smaller number of organisations this synthesising and integrative function e.g.
Environment Agency and INCC, which then feed into the relevant national, European
government departments and International conventions etc. The goal of such synthesisis as
oneinterviewee put it to provide sufficient information to enable * evidence based policy
development’.

Policy making also takes into account other sources of information including in large part
those of the campaigning and lobbying organisations. See below in this section for more
details.

Campaigning: There are alarge number of special interest and more generic international,
nationa and local campaign groups focused on biodiversity and wildlife issues, based in the
UK. These range from wide ranging and large organisations such as Friends of the Earth® and
the Soil Association® to very locally focused groups focused on protecting alocal wildlife
areas, to specialist groups focused on protecting specific groups of species (e.g. Butterfly
Conservation®).

There are dso alarge number of organisations and commercial enterprises that have a
secondary lobbying functions or federations of organisations that represent the interests of
members, in environmentally related issues e.g. planning applications, pollution controls, etc.

All campaigning and lobbying organisations require and provide very specialist information,
these vary in form from very large scale and externally commissioned surveys and research
reports to very informal campaign leaflets. The information is generally very focused on their
particular area of interest and often regarded by ‘independent’ bodies as requiring specia care
with interpretation, given the ‘special interest’ nature of the organisations. Such information
feedsinto nearly al other types of activity listed here.

Consultancy: There are many types of commercial, voluntary sector and governmental
environmental consultancy companies/organisations in the UK. These will cover aal of the
other activities detailed in this section. The experts that act as consultants almost by
definition, require up-to-date and accurate information. This will range from a deep and
practical understanding of how to implement government guidelines and relevant legidation,
though to latest technologies and innovative conservation practices from around the world.

Consultancies are thus often conduits for the spread of information and practice thought a
sector and in turn rely on the rapid flow of information to keep their major tradable assets
(their knowledge and know-how) up-to-date, comprehensive, accurate and matched to the
needs of their market. One of their key assets is the integration of diverse information;
repackaged in aform that their clients can relate to, and act on.

Businesses Planning: Many aspects of biodiversity, wildlife and wider environmental issues
impact significantly on business planning across many sectors. These range from aspects that
impact on nearly all companies (e.g. ensuring compliance with general environmental

30 http://www.dfes.gov.uk/elearningstrateqy/

31

http://www.foe.org.uk/

32 www.soil association.org/
33 http://www.butterfly-conservation.org/
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legidation (see Planning processes in this section and NetRegs under project below) and
ensuring that the public image of the company is seen to be environmentally benign) to
business specific issues (e.g. such as disposal of specific types of waste or copyright issuesin
the access to and use of biodiversity data from a3 party). In the case of companies whose
businessis directly related to the environment the links are much stronger. In all cases
companies have information needs related to the effective and efficient running of their
business and any lega or policy guidelines that are relevant. In genera dl but the very largest
of companies relying on consultant and external advisors and governmental agencies such as
the Environment Agency to provide such support and information.

Many companies are also seeking to meet environmental management quality assurance
standards (1S014001* and EMAS™®) these require much greater levels of awareness of
environmenta and wildlife impacts by business, than would otherwise be the case. Againin
general businesses use specialist consultants to assist with this type of activity.

Planning processes: The planning of building or other building devel opments that impact of
biodiversity and wildlife in the UK is often avery high profile activity, asillustrated in many
on-going debates about road building, building on ‘green field' sites, citing of power stations,
etc. The strength of feeling derives from the impacts on a vast range of interests that such
developments can have.

Planning processes and associated, local, national and international legislation are very
complex and far beyond the scope of this survey to investigate or describe in depth. However
in al cases where a planning application is under dispute for wildlife/biodiversity related
reasons, a great deal of information and in general expert knowledge and guidance are
required. The levels of synthesis and accuracy of data required to make effective and sensitive
planning decisions is essentially the same (albeit more localised) asin policy and legidative
development (see above in this section). All data relating to the specific site under discussion
must be collated and evaluated to determine the best course of action, having balanced all the
iSsues.

Even this partia list demonstrates that the range of uses or applications of biodiversity/wildlife related
information is very large and complex. Each of these ‘activities' requires access to sets of inter-related
information of broadly different types and for different purposes at different levels of detail. However
it in many cases with significant overlaps.

In the context of the SWARA project it is such overlaps that are of most interest. In the mgjority of
cases the activities summarised above require the timely integration of information from multiple and
known sources. In nearly all cases the data sources are heterogeneous. And require significant human
effort to synthesise and integrate, even though in many cases the datais already in el ectronic form.

The next section briefly characterises some of the broad types of data that are used across the
activities above. The subsequent section describes some illustrative examples of major organisations,
projects and initiatives in some of the areas of activity. The final sections identify some common
issues and problems with sharing of information and end with recommendations for potential
application areas for the SWARA and SWAD-E projects as described above.

3.2 Characterising Biodiversity and Wildlife Information

This report focuses primarily on Biodiversity and Wildlife related information. This section briefly
attempts to characterise some of the broad types of information identified during this survey. It was
not the goa of the project to attempt to provide a comprehensive review of types of data used across
biodiversity and wildlife activities, however the examples here give insght into some of the key types
and associated issues.

3.2.1 Taxonomic Data

Many of the projectsidentified as part of the survey, used and often provided, information about the
characteristics of taxonomic groups of species. Species taxonomy refers to the scientific classification

34 http://www.iso.ch/iso/en/iso9000-14000/is014000/i so14000index. html
%5 http://www.emas.org.uk/
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or grouping of species together. There are different approaches to species classification (e.g. Phenetic
Classification - based on overall anatomical similarity and invented by Linneaus, Cladistic
Classification (also called Phylogenetic) which is based on evolutionary relationships), there is
significant debate about taxonomic systems in general as well as the taxonomy of particular species or
groupings.

The NCBN® (International Code of Botanical Nomenclature) and NCZN*' (International Commission
on Zoological Nomenclature) specify the methods for the orderly application of names to taxain the
cases of botanic and zoological species. A rapidly evolving standard is PhyloCode® which “ ... is
designed to name the parts of the tree of life by explicit reference to phylogeny. The PhyloCode will
go into operation in a few years, but the exact date has not yet been determined. It is designed so that
it may be used concurrently with the existing codes based on rank-based nomenclature (ICBN, ICZN,
etc.). We anticipate that many people whose research concerns phylogeny will find phylogenetic
nomenclature advantageous.”

Information systems therefore tend to encode the particular form of taxonomic classification
system(s) (schema) that they are using, and provide the relevant data for individua species. In genera
systems do not provide detailed text or other data to explain the definitions of the levelsin the
hierarchies. It is generally assumed that the users will know what they mean. Although more public
facing projects such as the Nature Navigator system based at the Natural History Museum in London
are beginning to change this — see section 4 below.

3.2.2 General Species Level Information

This category refers to basic information about species, as might be found in a generic encyclopaedia.
Covering aspects such asits taxonomy (see above), biology and physical appearance, habitat(s),
specia behaviours, geographic range, global population and relationships with other species, threats
and conservation status.

In general respected reference and textbooks and paper based field guides are till primary sources of
this kind of information, although some Web-based systems do provide this information e.g. ARKive
see section 4.1 below. The mgjority of professionally focused databases systems do not provide
information such as physical appearance or level of data, as they are focused on professional and
biologically knowledge users.

While the majority of these basic characteristics have standard systems of information classification
€.g. species taxonomy, conservation status and geographical range, that can be represented in a
computer database. At present there seem to be virtually no formalised data-schemas within the
scientific community, to describe animal behaviour and physical appearance. Thisis probably due to
the fact that such characteristics have not traditionally need to be the basis for indexing, outside very
specific communities of researchers, e.g. behavioura biologists, where as by their nature; taxonomy,
conservation status and geographic location have formal traditional (hierarchical) classification
schemeas.

3.2.3 Species Observation

Species observation data is some of the most widely collected and fundamentally important data with
respect to many activities related to biodiversity. Species observation datais smply data that
represents when an individua of a particular species (or sub-species or member of alarge taxonomic
group) has been observed in aparticular location. It is fundamenta because this data provides the
basis for other things, e.g. long term species monitoring, classification of habitats, conservation status,
conservation development plans, local planning regulations... and ultimately government policy and
international conventions. See the introduction on UK Organisations, Projects and Initiatives below
for more details.

The importance of this datais underlined by the very long standing data collection and collation
systems that are in place involving tens of thousands of individuals and probably hundreds of
conservation based organisations in the UK — See details of the NBN project in section 4.1 below, for
more details. The data collected is various from scheme to scheme but includes the basic species

36 http://www.bgbm.org/iapt/nomencl ature/code/Sai ntL oui/0000St. L uistitle.htm

57 http://wwwv.iczn.org/
%8 http://www.ohiou.edu/phylocode/
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observed, some details of where it was observed and when, more extensive systems record a grest
deal of supplementary data.

3.2.4 Habitat, Ecosystem, Biome and Vegetation Classification

The definition and classification of ‘where specieslive’ isaproblematic issue. This appearsto be
because they are very complex places and can be described and subdivided using a wide range of
criteria, depending on the particular purpose. There are many systems of categorisation, whichisa
significant issue for any data integration system. See Habitat, Ecosystem, Biome and V egetation
Classification under ‘ standards below’.

3.2.5 Geographical Location

Geographic location is probably the one piece of data that, like organisawidely used in the
information systems reviewed for this survey. Thisis probably because the majority of data sets have
some eements that include geographic locations e.g. species observation — the place of observation,
museum collections — the location of the collection itself, the location where a specimen was
collected, the address of the collector, etc... However as noted by one interviewee, it is often a facet
of the data (e.g. location of a collection), rather than afocal piece of data itself.

There are many means used to provide this datain computer-based databases, e.g. place names from
gazetteers (e.g. Getty Thesaurus of Geographic Names (TGN®) that are linked to latitude and
longitude co-ordinate data. Other systems use co-ordinate data directly e.g. latitude and longitude or
in the UK (Ordinance Survey) Grid Reference coupled with various means of representing boundaries
and the shapes of areas using polygons represented by points based on the co-ordinated systems.

Problems arise in many cases in attempting to relate data which use different systems e.g. in the case
of species data, if observations are made with different systems, but in close proximity, e.g. if one
system uses a nature reserve name and another a single grid reference and yet another a polygon
defining an area within in which the observation was made it may be impossible to determine how
these are related with certainty e.g. were they all redlly taken in the nature reserve?

Increasingly there are moves towards using common geographic data formats (see section 6 below) to
allow easy combining of data and example of thisisthe UK Government MAGIC (Multi-Agency
Geographic Information for the Countryside™) project, see below for details.

3.2.6 Museum and Research Institution Specimen Data

As described above museum specimen collections are often critically important in biodiversity
research and conservation activity. Collections can be very extensive indeed and large museums may
hold many hundreds of individual collections (see Natural History Museum bel ow).

The data related to these specimensiis often very complex and very variable in details and quality.
Data may range from entries in original accessions legers with only very basic details of a short piece
of text about the item, a donor and date of accession right through to detailed computer databases
containing detailed expertly collected data on the specimen including identification of what it is, from
what species, in what condition, preservation processes, its history, where it was collected, its relation
to other items right though to details of who collected it and even data about entered the data into the
computer system when, and who has edited the data since.

Historically thereis little consistency in descriptions of specimens, not |least because they can be of
any living creature or creatures or part or group there of, in any condition, from anywhere, grouped in
a collection with anything else, and will have been collected with awide range of purposesin mind.

Itisonly in relatively resent decades that museums have begun to systematically collect computer
based record of collections and thisitself can be problematic as hardware and operating systems
become obsolete and older systems break down, data can be irrevocably lost.

There are some very widely used standards for the management of museum collections which can be
and are used to manage data on biological specimens, e.g. SPECTRUM: The UK Museum

%9 http://www.getty.edu/research/tool s'vocabul ary/tgn/
40 http://www.magi c.gov.uk/

pjs'summary report of swara biodiversity info survey v1.0.doc - 24Feb04 - Pageld



Documentation Standard™ which isimplemented in widely used software e.g. MODES™. Another
collections management software system that is becoming widely used (mostly out side of the UK) is
Specify™. However in generd it is only relatively recently that such standardisation is occurring.
These done do not enable easy and meaningful sharing and integration of detailed data without
collaboration between institutions.

3.2.7 Other Types of Data

As discussed the in the introduction to this section, this list is very partial but aims to be illustrative of
the types of data that is widely used within the biodiversity/wildlife communities. Others might
include:

Bibliographies

Sources and references

Archival documents

Genetic data (sequences, trees, €tc)
Images (and other multimedia)

Expertise and organisations

4 http://www.mda.org.uk/spectrum.htm
“2 http://www.modes.org.uk/modes.htm
3 http://usobi .org/specify/
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4, Overview of Biodiversity and Wildlife Information Part 2 — UK
Organisations, Projects, Initiatives,

There appear to be well over 500 governmenta and voluntary sector organisationsin the UK that are
involved in activities related to biodiversity and wildlife related issues. The directory of ‘Who's Who
in the Environment England” (Environment Council 1998*) last produced in 1998 as an electronic
(disk based) version, detailed over 1000 organisations involved in ‘environmental issues, a

significant proportion of those in wildlife and biodiversity related areas.

If projects and initiatives and commercid organisations (e.g. consultancies) are included it islikely
that there may be that there thousands in totdl. It is far beyond the scope of this report to attempt to
understand the information produced and used or the information needs of such a number of
organisations, with very wide ranging interests, however the following attempts to provide an
illustrative and partial overview of some of the major organisations, projects and initiatives involved
in data rdated to biodiversity and wildlife.

Given the nature of global inter-relationships at all levels and types of biodiversity activity, the UK
cannot be separated from the rest of the world. Indeed computer and networking technol ogies make
these inter-dependencies stronger. In the following three sections there are many examples of
international ‘virtual communities' spanning geographical and many other type of boundary.
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Figure 2 —illustrative data flows within the wildlife information network
within a county in England (adapted from work by Charles Copp™)

Perhaps the most helpful way to begin to illustrate the complexities outlined above, isto provide an

example. Figure 2 is adapted (generalised) from adiagram produced by Charles Copp (independent

consultant) as part of areport on the potential design for a UK Environmental Data Unit information

system, at the county level. It illustrates the flow of species observational and other survey data from

local to regiona to national levels.

Theflowsin figure 2 are undifferentiated i.e. the types, volumes etc... of data are not detailed,
however the context is that of biological recording and data types include: data about specific
locations and natural sites e.g. local and national nature reserves — this might include ownership,
managing agency, conservation designation, relevant management plans and geo-spatial and temporal
data including habitat classifications and distributions, species observations, ...

4 Environment Council (1995) Who's Who in the Environment England, The Environment Council, London
5 Taken from a commissioned report for aLocal Wildlife Trust, in the England, by Charles Copp of Environmental Information
Management.
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The weight of the arrows between boxes gives an indication of the strength of the connection. Where
arrows loop back to an organisation itself, this shows that the datais produced to service the
organisation itself.

Figure 2 was designed to illustrate a simplified and high level view of the data flows. It should be
borne in mind that many of the single boxes are themselves complex in particular those such as
‘“amateur naturalists', ‘local natural history societies and clubs' and ‘ county recorders’ (recording data
a county level or nationa survey activities) - which might constitute thousands of individuals, within
many groups such as alocal amateur naturalist society, local species groups affiliated with national
groups (e.g. RSPB, Buitterfly Conservation...) these may be contributing to many ‘recording schemes
related to specific species groups or habitats etc...

A grasp of the motivations behind the collection and transfer of data are critical to an understanding of
the system represented above. Figure 3 is again adapted from a diagram created by Charles Copp
(2000). It shows an overview of the need for biodiversity information at a county level in the UK.
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Figure 3 — Users and Uses of Biodiversity Information (adapted from work by Charles Copp™)

The motivations are diverse and can be grouped in various ways. The figure illustrates some useful
digtinctions.

The top section of the figure represents ‘ statutory uses' of the information e.g. to assist with planning
for housing, industry and changes in agricultural practices or monitoring and ensuring compliance
with conservation and planning legidation and internationa conventions (see below — under types of
information) — all of which require accurate and up-to-date data on which to base their decision and
practices.

A further useful distinction is made by the internal groupings within the figure (3) —the Loca
Authority and Commercia Users require the information to help ensure that their activities are within
the bounds of guidance and legislation, while the regulatory bodies reguire the information to help
devise the guidance and advise policy and legidative bodies as to issues and needs for changesin
these.

While the figure (3) illustrates the ‘ commercia users' with the examples of ‘forestry agencies, utility
companies and developers & consultants, it isimportant to understand that all commercia
organisation and land owners have responsibilities and duties under the relevant legidation including
even the smallest business which islikely to have no speciaist environmental knowledge at al and
who are unlikely to be able to afford the services of consultants — one primary goa of the regulatory
bodies is thus to inform these ‘users’ of their responsibilities proactively — by raising awareness and
providing easy to access data e.g. in the case of the Environment Agencies in the UK, via projects
such as NetRegs™, which provides advice for SME’ s about their environmental responsibilities and
relevant regulations and legidation.

8 http://www.environment-agency.gov.uk/netregs/
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Figure 4 — simplified and partial figureillustrating some of the
government departments and their associated Non-Departmental Public Bodies

It is possible to focus on any of the activities in the previous section to illustrate the kinds of
information flows and the richness and complexity of relationships. Here the area of policy making, is
used as an example, primarily because it is one activity for which there is significant Web-based
information. Figure 4 shows a simplified and partial figure illustrating some of the government
departments and their associated Non-Departmental Public Bodies (NDPB) and some associated
organisations with interests in biodiversity/wildlife information. It should be noted that while NDPBs
are linked to government departments they can be thought of as operating largely independently.

As discussed above policymaking is possibly the ‘activity’ that requires the greatest synthesis and
integration of information. As one interviewee indicated, the aim is to provide all the evidence
necessary to support effective policymaking.

As can be seen relevant organisations span various parts of the UK government, and as one
interviewee pointed out in this context there a very federal type structure with different agencies
working in and responsible for, different countries e.g. English Nature, Scottish Natural Heritage and
the Countryside Council for Wales are responsible for ‘ promoting wildlife conservation’ [in its
broadest sense] in England, Scotland and Wales respectively. The INCC is an interesting body in that
context in that, it isa‘federa’ agency in that it hasa UK wide remit and is funded by the other
country agencies — and acting as the focus for whole UK and International activity.

In that role has been centrd in the development of the NBN as a means to ‘ harmonise biodiversity
research and reporting’ *’ for more information of the NBN see section 4.1 below.

47 http://www.jnce.gov.uk/communi cations/ar02-03/sections pdfs'7INCC%20A _report _chapter6.pdf
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While NDPB are largely independent, the cross-departmental nature of the organisations and thus
information, was seen by a number of interviewees as a potentia barrier to the effective sharing of
data e.g. with regard to separate and un-integrated target setting. However in genera the NDPB's
appear collaborate with each other outside of any internal governmental structures, where their
activity requires. One initiative to help link access and sharing of datais the UK government e-
government interoperability framework®, under devel opment — see section 6 below. In respect to
policy making the information flows indicated in figures 2 and 3 can be seen linking into the
governmental organisations and so to inform policymaking.

A number of very large (E1M +) projects focused on Web based access to governmental information
within NDPBs (see for example Nature Online, ePic (Roya Botanic Gardens at Kew) and NetRegs
below are funded as part of round 3 of the Capital Modernisation Fund®.

The forgoing has concentrated on information related to the UK, however as noted above thereisa
great dedl of data held in the UK about other countries or at an international scale e.g. species,
habitats, environmental issues, etc. Many organisations hold this data e.g. research institutes,
museums, government departments and zool ogical and botanic gardens. There are aso many cases
where nationa datais used to monitor international conventions or collated for other monitoring or
research activities.

The flows of this (international) information take place at alevel up from those depicted in figures 2
and 3. Given the UK focus of this report we are not in a position to produce a diagram showing the
flows and relationships at this level. However as demonstrated by sections 4.2 and 4.3 below, both the
data and the projects are of great value and importance.

4.1 lllustrative Examples of Organisations, Projects and Initiatives in the UK

As indicted above there are hundreds, possibly thousands, of organisations, projects and initiativesin
the UK focused on biodiversity and wildlife activity and thus data. This section details some
illustrative organisations, projects and initiatives that aim to provide or share or integrate data.

Each short profile aims to provide an overview of the organisations and projects, highlighting
particular aspects of the projects that provide illustrative context for the later broad based discussions
of standards and integration, as well as the key issues and recommendations sections.

ARKive:

The ARKive project™, is based in the UK and has both UK and International foci, it is an initiative of
the Wildscreen Trust™. The basic concept is to preserve and provide Web-based access to multimedia
data (e.g. still and moving images and audio) as well as basic text based information about primarily
endangered species. It has a primarily public and educational focus, however it also provides
materials that are very specialist and may be useful to scientific users. It is funded primarily by UK
Heritage and New Opportunity Lottery funds with additional support from Hewlett Packard Research
Labsin the form of research activity, hardware and software to develop the underlying technical
architecture.

The main element of the Web site are ‘ species pages (e.g. the Golden Toad™) which provide textual
background information with thumbnails of images and video along with links to the mediaitself. The
textual datais divided into sub-headings covering: general description, taxonomy, conservation status,
geographic range, biology, habitat, conservation threats, conservation and where to abtain further
information.

The Planet ARKive site provides similar data but with text customised (by hand) to children of upper
primary school age group™. The interface is different, with brief summaries for each section leading

8 www.govtalk.gov.uk/schemasstandards/

9 hittp://ww.hm-treasury.gov.uk/documents/public_spending and_services/capital_modernisation fund/pss cmf index.cfm
%0 http://www.arkive.org/

51 http://www.wil dscreen.org.uk/

52 http://www.arkive.org/species/speciesOverview.doZ d=4661

%3 http://www.planetarkive.org
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to more information, but the essentia groupings are similar. The ‘Education’ site* contains
information about how educators might use ARKive rather than species or habitat data.

Externa organisations and individuals provide al of the multimedia data. ARKive thus has very
significant information requirements. Their work involves locating, obtaining, digitising, indexing and
preserving and making available the multimedia data, as well as researching, authoring and validating
the textual/factual data.

ARKiveis one of the few organisations that provides public access to multimedia data related to rare
and endangered species, thus a number of organisations e.g. NBN, GBIF are interested in linking to
ARKiveto alow users to access image based data. ARKive has very strong relationships with the
media providers (companies such as the BBC and Granada as well as learned societies and
individuals) and many conservation organisations e.g. WWF and WCMC.

Multimedia data provides a particular challenge the datais not self-describing in the way that text is.
The indexing of images and video require a vocabulary fro describing their content i.e. the species and
habitats and their characteristics e.g. species appearance and behaviours. In the case of images the
whole image is tagged with those terms and with video time-coded segments were used. These
vocabularies are described in the standards section below.

ARKive provides bibliographic references to textual data®™ such references are vital if users are to be
able to trust and follow up the data provided. It also meansthat ARKiveis ableto deal efficiently with
any notification that their dataisincorrect.

Research for this data is a very significant investment, the primary sources include;

Respected reference books: e.g. The New Encyclopaedia of Mammals by David Macdonald™®
and New Flora of the British Isles, by Stace® and the Red Data Books™

Known Web sites: (e.g. UK BAP site for contacts for lead organisations and individuals with
respect to particular UK BAP species)

Generic Web search: Where known Web-sites or other references do not provide required
data or contacts a Google search will start the process.

Specialist organisations e.g. Plantlife and the Wildlife Trusts
Individual Experts

ARKiveisan unusua project in that it is developing a digital resource from scratch and has had to
deal with a much wider range of issues that the majority of projects ranging from, finding valid and
up-to-date information about species to indexing of multimedia data.

The technical architecture uses a variety of metadata standards for internal storage and management of
the collection. The internal metadata system for managing the mediais largely bespoke however
transfer to the long term storage vault uses a METS™ based framework. Media researchers enter all
metadata by hand. With regard to publication of metadata, it is planned to provide Dublin Core
metadata for each page on the main ARKive website viaalink to an automatically generated page.

National Biodiversity Network (NBN):

In the context of species observation data the UK NBN (National Biodiversity Network - ) isavery
ambitious project. It has the support of the majority of biodiversity organisations involved in the
collection of observation data in the UK.

Partners include: Joint Nature Conservation Committee (JNCC), English Nature, Scottish Natural
Heritage, Countryside Council for Wales, Natural Environment Research Council, Royal Society for
the Protection of Birds, The Wildlife Trusts, The Natural History Museum, National Federation for
Biological Recording (representing Association of Local Government Ecologists, Biological

54 http://www.arkiveeducation.org/

%5 http://www.arkive.org/species/speci esOverview.do? d=4424& subAction=morel nfo

%6 Macdonald, David. and Norris, Sasha. (Eds.) (2001) The New Encyclopaediaof Mammals, Oxford University Press
57 Stace, Clive A. (1997) New Flora of the British Isles, Cambridge University Press

%8 http://redlist.org/

59 www.loc.gov/standards/mets/
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Recording in Scotland, Biology Curators Group), Marine Biological Association and Environment
Agency®. NBN is the GBIF (See GBIF below) node for the UK.

The basic idea and motivation is that biodiversity observation data sets, for different speciesin,
different locations across the UK, which are part of various ‘ recording schemes’, should be linked
together. This would then provide a means of integrated and seamless access to the data. Thereby
meeting the needs of awide range of users. There is a particular focus on conservation planning and
policy development. However other likely users include biodiversity professionals with in
organisations, tutors and students in education and members of the general public. Volunteer field
observations constitute some 10M observations.

The architecture is based on NBN data model® this is a complex relationa database model that
reflects the complexity of the observation data and metadata. The model contains a number of
‘modules’ that together form the whole moddl. Existing examples include: sources,
measurement_unit, contacts, survey, survey event, sample, location, location_feature,
taxon_occurrence, biotope_occurrence, taxon dictionary, admin_area dictionary, biotope dictionary.
Another under development includes earth science.

Recorder Software; The abstract NBN data model was partially implemented in the Recorder2002
software™ developed aongside the NBN. “Recorder 2000 is a powerful piece of biological recording
software based on Access 97 and a considerable advance over the previous Recorder, version 3.3. It
has been developed by JINCC for the National Biodiversity Network as a tool to encourage the
collection, collation and sharing of good biological data and is built on a variety of standards that
facilitate the storage and exchange of information between organisations and individuals. These
standards include the NBN data model, which shows how biological data can be managed within
relational databases, an electronic transfer format and the NBN species dictionary, biotope
dictionary and administrative areas dictionary . Biological recorderswho wish to use other systems
are welcome to utilise the NBN standard dictionaries and any elements of the model that they feel is
appropriate as well as gaining advice from the various pieces of guidance devel oped by the NBN.”

The dictionary modules do not hold single, definitive lists of terms but collections of lists that can be
mapped to each other. For instance, the Biotope Dictionary includes the UK National Vegetation
Classification (NVC), amarine habitats classification, a Phase | land cover classification and many
others. The Taxon dictionary holds numerous taxonomic and legidative lists and their revisions. The
intention is that biological records are always entered using their original determinations (either that
given by the recorder or first referee) and that other or later names allocated are stored as re-
determination records.

A data exchange mechanism, employing XML based on a DTD (Document Type Definition) is
provided. Records in authority files (taxonomy, biotope, locdity) are identified with codes that
distinguish the source of the record. Thus if a user adds a new name to ataxonomic list in their copy
of Recorder and, later, this name gets incorporated in regional or national lists, then it can be traced to
asingle copy of Recorder.

The functionality includes validation, data security (e.g. different user levels and you can't edit other
peopl€e's records), internal mapping facilities and data import/export that reads and writes datain XML
format. The report system is basic as the intention was that Recorder 2000 would frequently be used
with external reporting tools. Reporting tools might include links from Microsoft Office, GIS
packages or SQL reporting tools.

Other observation data collection software e.g. MapMate can export datain aform that complies with
the NBN data mode.

The NBN Gateway: The NBN Trust operates the system that provides different levels of access. Data
owners can restrict data access, remotely via online tools. This can be restricted to named individuas
or organisations. The NBN have developed Seven Principles® — “ The Data Exchange Principles
document sets out seven principles for the exchange of wildlife data... Through work to develop the
National Biodiversity Network, the National Biodiversity Network Trust has encountered significant
barriers to the exchange of wildlife information in the UK. In consultation with data owners,

80 http://nbn.org.uk/information/info.asp?Level 11D=11& L evel21D=18

51 http://www.nbn.org.uk/information/info.asp?L evel 11 D=1& L evel 2| D=10& L evel 3ID=25
52 www.nbn.org.uk/recorder
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managers and users, the Trust has identified a demand for guidance to help
overcome these barriers... The seven data exchange principles represent the

End User

Trusts first attempt to provide such guidance.” / \
These provide a framework based on the fundamental need for openness of cateway [ custodian ‘
data with specific caveats e.g. the second principle makes conservation 1
rationale for access control; making biodiversity data available should reduce Collation
risk of damage, and requirements of data protection act. There are various

access controls each organization [data custodian] decides by whom and how il
data can be accessed.

As part of this the concepts of data owner as distinct from the data custodian (individua or
organisation that is responsible for the data and access to it) have been drawn out, with al issues of
access to data routed via the custodian.

The NBN Gateway Web site®*: provides integrated access to datasets federated using the NBN system
and data model. It allows cross searching with links to the origina data. The development of the
Gateway is unusua in that half of the development team at CEH (Centre for Ecology and
Hydrology®) and half at INCC (Joint Nature Conservation Committee), with the (Oracle) database
hosted at CEH. The database does hold copies of some 50 datasets but ideally will provide links to the
actua data holding only the necessary metadata itself — effectively warehousing the data. 1t will be
linked to the linked to GI gateway (see below) thus linking to other geo-spatial datasets.

NBN provides geographic datai.e. integrated datasets for spatial mapping 10k dots at 100m
resolutions. The large scale and dynamic integration of data can be used to automatically generate
species population distribution maps. However issues do arise, e.g. where datais at boundaries e.g. is
the point from within a protected area? Such issues arise especialy with older data where this piece of
info may not have been captured. The distribution maps are a vital element of biodiversity monitoring
and were/are produced by BRC® who managed the collation from data collected by volunteers and
publish atlases (since 1964) the NBN infrastructure provide means of the automatic generation of
these maps”’.

There are significant Quality Control (QC) issues as datais collected by very diverse range of
individuals and organisations. The NBN thus has disclaimers about accuracy — it is thus the user
decides on the appropriateness e.g. accuracy of data. Other issues make it important that users have
some awareness of the limitations of the data sets e.g. a negative record of species (i.e. species not
observed at location) is not the same as saying a speciesis not there.

NBN Species/Taxon Dictionary: Taxonomic datais critical to the data integration; names of species
are abtained viathe NBN species dictionary. This component of the NBN, aims to overcome the fact
that species may have many names and links these together — adding a significant level of ‘semantic
interoperability’. The dictionary provides the a system to provide cross searching across multiple
datasets and allows users to choose which to search.

In the medium term it isa goal that NBN data should interoperate with other governmenta systems
e.g. English Nature's nature Online and DEFRA’s MAGIC web service.

Nature Online:

Nature On-lineis an initiative of English Nature. English Nature is the English government agency
responsible for awide variety of wildlife and geologica conservation activity in England. These
include the identification, designation and protection of Sites of Specia Scientific Interest (SSSI), the
running of various conservation grant schemes, the ownership and management of National Nature
Reserves (NNRs), as well as advising government and other bodies on policy development.

English Nature produces a great deal of information, including: research reports from commissioned
(often in partnership with other organisations) or their own internal research activities; leaflets for the
public on avery wide variety of conservation related issues from wildlife gardening to specific

54 http://www.searchnbn.net/

% http://www.ceh.ac.uk/

% http://www.brc.ac.uk/
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species to particular nature reserves®; maps; policy documents; Area Team newsletters; and national
magazines. They are committed to make their information available to the public and in particular via
their Web site (http://www.english-nature.org.uk). They aso have an national image library of
photographs, comprising images taken by their own Staff or by commissioned professional
photographers and have plans to make these available on-line.

The Nature On-line project is part of thislonger-term commitment to public access. It is part of
English Nature's "Nature for People programme" which is part funded by round 3 of the Capital

M odernisation Fund® from Central Government. The broad goal being "establishing an on-line
information resource for the general public. This nature service aimsto help the public identify and
learn about local wildlife sites, discover opportunities to get involved in local conservation work and
learn more about and contribute to wildlife policy." (English Nature press release 01 June 2001”)

A key ddliverable of the Nature On-line project is a new website called Nature on the Map (NOTM).
NOTM will display the location of SSSIs, NNRs, Local Nature Reserves (LNRs), international
designated sites, Priority Biodiversity Action Plan Habitats on an Ordnance Survey map backdrop
(Nature on the Map™),. Users will be able to search NOTM by postcode, place name or county.
Nature on the Map will link to the English Nature corporate website to provide more information on
specific sites, including information about the condition of SSSIs. Another key deliverable of Nature
On-lineisaseries of ‘virtua tours of National Nature Reserves and a wildlife garden. The virtua
tours will employ a combination of video, panoramic images, sound, text and animations to make
stes‘come alive' for users.

A further element of Nature On-line is the provision for support for volunteers wanting to get
involved in conservation work through a series of pages about volunteering.

There are strong links with the NBN project in particular with respect to the Nature on the Map
project.

NetRegs

NetRegs™ is an initiative of the Environment Agency, Scottish Environmental Protection Agency and
Environment and Heritage Service in Northern Ireland and Small Business Service. It is a good
illustration of how the biodiversity/wildlife information feeds into policy making and is then fed back
into information designed to provide support end users. NetRegs is designed to meet the
environmental information needs of SMEs (Small and Medium Enterprises) with respect to their
business practices, e.g. relevant legidation and environmental protection guidelines. It is funded via
round 3 of the Capital Modernisation Fund™,

SMEs are often unaware of their environmental responsibilities and the related legidation that are
relevant to their businesses. The Web site brings together information from multiple sources to
provide very customised views of this for particular business sectors and specific types of business.

There are two primary types of information:

1) Sector Specific: information relevant to particular sectors — these are subdivided into sub-
sectors e.g. Agriculture = Livestock, Crops, Animal Boarding and Care, Pest Control and

Landscaping.
2) Management Guiddines: generic environmental business practice.
Essentially there are 4 types of information on the NetRegs site
Textual Information — sector specific guidance
Management Guidelines
Which link into the relevant

Legidation — current and future

%8 http://www.english-nature.org.uk/pubslink.htm

59 http://www.hm-treasury.gov.uk/documents/public_spending and services/capital modernisation fund/pss cmf_index.cfm
0 http://www.english-nature.org.uk/news/press_arc.asp

™ www.natureonthemap.org.uk

"2 http://www.environment-agency.gov.uk/netregs/
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PPG — Pollution Prevention Guidance

The guidelines developed by Sector Coordinators who write the text for the site. Thisis produced
from their own knowledge and by investigations e.g. talking to sector specific trade associations who
understand the processes in depth and have knowledge of actua practice, e.g. processing and raw
materials required, wasted produced and to visit companies themselves. The guidelines then go to
relevant policy and legal parts of the Environment Agency where they are signed off as correct. The
sector coordinator then does redrafting where necessary. This ensures a high degree of quality control.

The site is maintained using a commerciad CM S system, this uses internal metadata/controlled
vocabularies where necessary.

Thelegidation that is linked to must be the current versions! — NetRegs holds copies of some of these
documents and links to others. It seemsthat in genera copies of UK legidation documents are held
locally, while EU legidation islinked to directly.

The PPGs dready exist™ and are brought together by NetRegs with linksin the text to the relevant
documents. The PPGs seem to be stored in a common area of the Environment Agency Website or
link to HM SO documents (e.g. Statutory Instruments™ and Legislation™).

With respect to the relationship of this data to other biodiversity/wildlife related datais strongest at
the level of legidation. At present there appears to be no standard for linking to legidative documents
or sub-elements there of. Which seems a significant gap as many biodiversity, wildlife and wider
environmental organisations do require links to specific elements of legidative documents.

Natural History Museum:

The Natural History Museum in London’’ isinteresting in that it is both a museum and a major
research ingtitute. They have avery large research programme supported by 70M specimens, it is both
a‘museum’ in the general sense and a research centre, it has 350 scientific and curatorial staff, which
makes it the biggest biological research centre in the UK.

Many initiatives focused on making effective use of data about their collections and making links with
other relevant external data for the benefit of the Museum and external communities of interest as well
asthe genera public —in particular they are involved in many national and international projects and
initiatives including the UK National Biodiversity Network (NBN), ENHSIN, BioCASE and
Species2000, see below for more details about these projects.

The Museum holds more than 70M specimens of world class historic, research and cultural value e.g.
they hold many Type Specimens of species, (i.e. the name bearing specimen that is the definitive
example of that species).

They have an extensive set of internally-hosted web sites providing public access to data serving
different groups of users®. Some examplesinclude:

0 Earthlab datasite: http://www.nhm.ac.uk/museum/earthlab/indexinter.html - isan online
educational resource for those people interested in the geology of the UK and contains
much of the information about the specimensin the gallery.

0 Exploring biodiversity: http://internt.nhm.ac.uk/eb/index.shtml - an interactive
introduction to UK biodiversity for GCSE and A-leve students, and for amateur
enthusiasts.

o Walking with Woodlice: http://www.nhm.ac.uk/interactive/woodlice/ - "...people as
possible to take part in this online UK woodlouse survey."

0 Quest2: http://www.nhm.ac.uk/education/quest2/english/index.html - "Make
comparisons between objects of your choice."

" http://www.environment-agency.gov.uk/netregs/resources/ 278006/ version=1& lang=_e
"5 http://www.hmso.gov.uk/si/

75 http://www.legislation.hmso.gov.uk/acts/

" www.nhm.ac.uk/

78 http://www.nhm.ac.uk/interactive/index.html

pjs'summary report of swara biodiversity info survey v1.0.doc - 24Feb04 - Page24



0 Horafor-Fauna: http://www.nhm.ac.uk/science/projects/fff/ - "The Postcode Plants
Database generates lists of native plants and wildlife for any specified postal district in
the UK."

o The National Biodiversity Network Species Dictionary”- a definitive listing of species
in the UK

o Natural Selection® - which is“agateway to quality, evaluated Internet resourcesin the
natural world.” This s a contribution, by the NHM, to the Biome.ac.uk® project funded
as part of the work of JISC for Higher and Further Education ingtitutions in the UK.

A significant issue for the NHM and nearly al other larger museums and research institutions is that
where computer database systems have been used over the last 30 years or so, alarge number of
systems have evolved independently. These are generally based on a number of hardware and
operating system platforms using a variety of database software e.g. at the NHM in botany aone they
have 2000 existing datasets in many formats and on a number of platforms. The CLD approach will
enable the pulling together of these datasets.

In the long term the goal is to provide unified digital accessto all data about the collections, where
possible at individual item or data point level. Thisis a mammoth task that is both academically and
technically challenging. Thisisfor a number of reasons that are good examples of the kinds of
complexity in biodiversity-related data more genericaly.

Details of many of the 70M specimens have never been entered into a database and are complex to
describe e.g. some specimens might be one single animal or a part of an animal or ajar full of
thousands of animals (e.g. ants). The level of description is often very complex, detailed and highly
specific: e.g. at ahigh level elements for a collection might include

0 a‘'specimen’ ID

0 names

0 peopleassociated with it (e.g. collector, determiner, preparatory, donator...),

0 organisations associated with it (e.g. corporation, ...)

0 places associated with it (e.g. place of origin, )

0 many events that happen to it — each might itself be complex and specific in nature,

0 the object might be divided up e.g. into biological individuals, and these must be tracked.
o if aparadte, the host type...

0 preservation medium...

0

Historically (they have 250 years of legacy collections) — collections did not have controlled
vocabularies e.g. collectors might be given any number of ‘titles’, in one case there are over 40 terms
for title and in some cases a single person might be known by multiple names (e.g. Lord of... or Earl
of...).

Other Problems include;

The information requires detailed interpretation — e.g. it might have been created in an ad hoc
manner by many researchers over an extended. Curators don’t have time to do that level of
interpretation.

Political geography changing i.e. national boarders changing — thisis very problematic.
Describing the location of coastal speciesis also problematic.

One way of overcoming these limitationsis by cataloguing at collection level rather than at unit level.
The NHM istaking alead through its Collection Navigator project®. The new Collection Level
Description (CLD) system was introduced 2001.

CLD approaches are vital to providing access to museum collections. Thisis because there are
millions of ‘items and in many cases these are not (or could not, redlisticaly be) individually
described — thus collection level description is critical as a discovery aid. The mgjority of datasets at

" http://www.nhm.ac.uk/nbr/

8 http://nature.ac.uk/
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the Museum (and indeed nearly al museums) are not yet digitised and are only accessible via card
indexes and manuscript ledgers! These may be important historical and research collections. In
genera legerswill only list accessions in chronological order! — These legers are the only means of
access and thus are not accessible via taxonomic order. The CLD approach will enable the pulling
together of datasets.

Another project, the Museum Information Locator System (MILS®) aims to create a single indexing
system. The system can be used to find dataincluding images, books etc across al the online
databases, using a common search interface.

The Museum is experimenting with novel ways of digitising paper/card based records e.g. they are
using the VIADOCS system (from Essex University®) to computerise archive card indexes. The
system provides an interactive indexing approach, and provides help with semi-automatic validation
viarules, however the system still has to cope with exceptions — the origina scan of the record card is
retained and is accessible. I1ssues remain however over resource to provide appropriate Quality
Control e.g. the curator may not have time to do this level of input, volunteers and students provide
some assgance however is a significant issue as good cataloguing is a skilled job — the database is
available™.

The Museum is piloting MODES (the most widely-used catal oguing system in British museums) as a
collection management system for its Zoology Department. Modes is a collection management system
which uses the SPECTRUM (The UK Museum Documentation Standard™) and the International
ISAD(G) standard, (General International Standard Archival Description®). It is used by 400+
museums in the UK. However each ingtitution will have its own implementation e.g. indexing and
vocabulary terms.

Also widely used at the Museum is DSML (Dynamic System Mark-up Language) that “ Thisis a non-
proprietary system, developed and owned by David Gee (using PERL), that enables access to any data
source independent of platform. It is extensively used at The Natural History Museum to build web
interfaces and search mechanisms for avariety of data sources. One of the main functions of DSML is
to insert SQL statements into web pages. This allows web pages to access and manipulate ODBC
databases directly.”® DSML has aso been implemented in-house using Java rather than PERL, as
JDSML.

An example of the museums interest in providing effective cross searching access to multiple datasets
includes the work of Dr Dilshat Hewzulla at the Museum and University of East London. He has
developed a sophisticated system to harvest and trand ate data from multiple online databases and
hence cross search viaa single interface®. And isworking on developing an OAI output from
Museum databases on the fly.

The Museum is also developing a New Opportunities Fund Digitisation Programme funded project
called the Citizens Tree of Life (Nature Navigator) which aimsto provide a Web based finding aid to
provide access to Web-based data about species in the UK using common names for species and
groups of species. Thiswill address a current problem in that it is difficult for the genera public to
access biological information where this isindexed and accessed using scientific (Latin) names. This
work will feed back into the NBN Species Dictionary project (see NBN above).

Royal Botanic Gardens at Kew:

In many ways Kew is similar to the Natural History Museum, asit is both a physical site open to the
public and aresearch institution with a world-class reputation. And again it holds specimens (in this
case living as well as preserved) that are of significant historic, research and cultural value, including
many Species Type Specimens —i.e. specimens that are the reference for identification of that species.
Kew has extensive collaborations and links with other botanic and biodiversity related projects around
the world e.g. IPNI, Species2000 (see below) and BioCA SE (see below).

83 http:/internt.nhm.ac.uk/jdsml/locator/
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There are multiple data sets available via the Web site. This provides access to the on-line data and
metadata for the collections, datasets and other information at Kew, whereit is available. The long
term intention is to digitise and make all data/metadata available to the public, but thisis a huge task.
A comprehensive list of externally available data sourcesis available.

The ePIC project aimsto provide a single resource discovery interface onto all datasets — aiming at
enabling usersto find out ‘what does Kew know about this plant’. Thisis also funded as part of round
3 of the Capita Modernisation Fund.

The new system will provide access to Kew's collection viathe Internet to a wide scientific, academic
and research audience, as well as the general public. At present there are ten sets:

1. International Plant Names Index (IPNI) - Web site: www.ipni.org/
2. Kew Web Site - Web site: www.kew.org/

3. Kew Record of Taxonomic Literature - Web site:
www.kew.org/bibliographies/K R/K RHomeExt.html

4. Plant Micromorphology Bibliography - Web site: www.kew.org/bibliographies/PA/PAhome.html
5. Living Collection - Web site: not available

6. Herbarium Catalogue - Web site: not available

7. Economic Botany Collection - Web site: not available

8. Survey of Economic Plants for Arid and Semi-Arid Lands (SEPASAL) - Web site:
www.kew.org/ceb/sepasal

9. Seed Information - Web site: www.kew.org/data/sid/

10. Flora Zambesiaca - Web site: www.kew.org/efloras/

It isintended that ePIC will include images. Images are being treated as a centralised resource. Mass
storage and an image management system have been ingtalled, and the first steps are being taken to
digitise sample image sets. Kew has a very significant image collection, but the very size and scope of
it makes the digitisation task daunting.

The Library catalogues is available. This holds data fielded to MARC standards, and thereis also a
Z39.50 interface which will enable cross-ingtitutional searching.

Their biggest collection is the Herbarium database with ~7M records. Only a small proportion of these
have been databased or imaged, and pursuing this task will require significant resources. A web site
for this collection will become available soon. The collection is widely used by taxonomists. Images

of the specimens are useful for individuals to check what isin the collection as part of a pre-loan or
pre-visit process. Kew expects to provide outputs in different formats e.g. via BioCASE or Darwin
Core, and will follow whatever standards are adopted internationally.

The IPNI (International Plant Names Index) —is an international authority on the place of publication
of c1.5 million plant names. It is a collaboration with The Harvard University Herbaria, and the
Australian Nationa Herbarium, and combines data from Index Kewensis (1K), the Gray Card Index
(GCl) and the Austrdian Plant Names Index (APNI). Links are also developing with New Y ork and
Missouri botanic gardens towards the creation of global plant checklists, which are taxonomic
products indicating the current taxonomic view on which names one should use and how they relate to
each other, aswell as distribution and conservation information.

Kew is providing checklists of plants to the Species 2000 project using their standards, and is
focussing on building a Monacots checklist site covering some 400,000 plant names (perhaps 100,00
plant species).

Kew has an in-house Geographica InformationSystems (GIS) unit which isinvolved in various
conservation oriented projects, and has developed tools for automatically calculating provisional
conservation statuses based on georeferenced data, e.g. specimens from the Herbarium collection.

4.2 European Organisations, Projects and Initiatives

Many UK organisations and projects are involved in European wide projects and initiatives. Funding
and overarching strategy for the mgjority of these projectsis via the European Union (EU). The
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biodiversity/wildlife activity of the EU is divided between a numbers of agencies. Broadly the
European Environment Agency and various bodies funding Research with different foci.

It was often the case during the literature review process that it was very difficult (within the available
timeframe) to determine the relationships (if any) between various projects and initiatives. This
information is therefore presented with the disclaimer that there may be relationships between projects
that have not been presented here.

Relevant parts of the EU include DG Environment and the European Environment Agency. The
mission of the Agency isto provide environmental information for decisions to be made for policy
that istimely and focused. E.g. producing facts sheets based on all pieces of data. The Agency has
also developed the GEMET thesaurus (see below) and has Topic Centres, one of whichis on Nature
Protection and Biodiversity® based in Paris.

The projects described here are some examples of European projects with strong links with activity in
the UK

Biolmage:

The concept behind the Biolmage™ project illustrates a significant advantage of Web-based data
access in support of academic research. It plansto provide a platform for rich media content related to
the publication of bioscience journa articles. The authors can put up extended image sets on (or
linked to via) the Bioimage website which can then be linked to viathe journal article. The images or
metadata related to the Images can then become part of alarger searchable/browseable collection.
Biolmage will harvest the relevant metadata and store it locally. One of the main barriers or
problematic issues is metadata capture. Biolmage isinterested in how this could be done 'at the
experiment’ just as alab book is used, with data output in a common (possibly XML based) format.

Bioimage is also capable of, and aims to, host metadata (pos. including thumbnails) to external
collections such as ARKive®, which would provide uses of the Biolmage system with access to a
much wider range of 'quality assured’ multimedia resource. The providers would benefit from use of
their data by awider base of users. Biolmage may aso host images themselvesin frequent cases. This
service would be aimed at those with existing physical collections of potentialy valuable images, but
who have no means of digitisation or hosting of the image library, i.e. . more useful that beingin a
bottom draw'. Examples of this type of collection include a collection images of the stripes on the
flanks of amagjority of the Grevy's Zebrasin aregion of East Africa, which provide aunique ID for
each animal (much like a human finger print). Thiswould provide rich data for population and
migration studies, but is at present not available to researchers.

Bioimage is a European Commission Funded project . It isawork package (WPL - Integration of
multi-dimensional digital image data) within the Oriel project (Online Research Information
Environment for the Life Sciences™) that aims to integrate life science information across Europe.
Oriel isin turn the research arm of the EC funded E-BioSci Project™ which aims to "provide research
communities with tools to manage large, complex, multimedia datasets and to navigate through an
increasingly intricate and potentially confusing information landscape." The technical infrastructure of
the Biolmage Database is broadly based on Semantic Web technologies™ including the creation of
ontologies to represent the indexing concepts. At present, related work is on-going to develop SABO,
adraft Standard Animal Behaviour Ontology®.  Such ontologies could provide the basis of semantic
content analysis of video or till images, which would assist in the automatic or semi-automatic
interactive annotation, (i.e. indexing and annotation) of video. One possible use would be to provide
free tools that could be used to annotate a user's own lab videos, that would automatically generate
Biolmage metadata - this work aso feeds into the VANQUIS project - a video semantic content
analysis system see below. As part of the ontology development, the project has developed a software
tool called Ontology Organiser (http://www.bioimage.org/software.do and

 http://nature.eionet.eu.int/

9 www.bioimage.org/

92 www.arkive.org.uk/

% http://www.oriel .org/

9 www.e-hiosci.org

5 www.w3.0rg/2001/sw/

% http://www.bioimage.org/pub/SABO/sabo.htm
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https://sourceforge.net/projects/daml constraint/) which helps manage data types and constraint
propagation in hierarchies.

A number of high level and media standards and ontologies areintegrated as part of Bioimage. These
include:

0 SUMO (Suggested Upper Merged Ontology®) developed as part of the Standard Upper
Ontology (SUO) Working Group™

0 The Advanced Authoring Format (AAF)®
o MPEG7TY

Which integrate the media and content aspects of the data. However externa domain specific
ontologies provide the basis of the subject specific functionality, e.g.
101 102

0 GeneOntology™, ™)
o NCBI (The Nationa Center for Biotechnology Information) species taxonomy’®
0 . otherscan be pluggedin.

The approach is to use open source software and to conform to open standards wherever possible, to
ensure interoperability and reduce costs (e.g. remove licensing costs from database systems).

The VideoWorks Project'™ is related to Biolmage. It isa UK e-Science Project that includes the
continuing devel opment of VIDOS, a video customization system.

The VIDOS tools are written in modular JAVA. It aim to provide users with the ability to edit video
remotely using low resolution surrogates at the client end. The editing is both spatia (selection of a
region) and temporal (selection of specific clips). It uses generic transcoding tools to provide users
with the ability (in principle) to export the final edited video in various formats. A planned JAVA
based video player should help ensure that the system is fully cross platform. At present the export
codecs are restricted and the User Interfaces is still under development.

The goal isthat users can click a'customsise this button near a piece of online video and used the
system to see a preview, use the editing tools to produce the edited version, and then transcode and
download the newly edited video. The project is currently at the end of two years e-Science funding
with matching funding from industrial partners 1BM, Virage, Telestream, Squarebox and the
International DOI Foundation'®, and development has been relatively sow.

BioCASE

The BioCASE™ project builds on the work of ENHSIN (see below) and BioCISE (see below) “The
aimisto enhance the over-all value of biological collections as an essential, but presently fragmented
and under -exploited European research infrastructure for environmental sciences, systematics, and
life sciences in general, by means of implementing a sustainable and expandable information service,
which provides researchers with unified access to all European collections, while leaving the control
over the information supply in the hands of the information providers.”

The focus of BioCASE is biological collections of specimens — not observations of living species.
However the thesaurus developed as part of the project is capable of dealing with observation data.

There are 35 European partners. The project has National Nodes in the UK that will be the Natural
History Museum.

The system uses a ‘wrapper’ based approach trandating the data held by the participating organisation
into the common standards required by BioCASE. A ‘Core Data Definition’ for collection level

7 http://ontol ogy.teknowl edge.com/

% http://suo.ieee.org/

9 http://www.aaf association.org/

190 http://ipsi.fraunhofer.de/delite/Projectsy M PEG7/
101 http://ipsi.fraunhofer.de/delite/Projects/ M PEG7/
102 http://sourceforge.net/proj ects/geneontol ogy

103 hitp://www.nchi.nlm.nih.gov/Taxonomy/

104 http://www.videoworks.ac.uk/

195 http://www.doi .org/wel comehtml

196 http://www.biocase.org/
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profiles'®” has been produced by the Natural History Museum in London and BGBM (Botanic Garden
and Botanical Museum Berlin-Dahlem). And in conjunction with CODATA and TDWG (Taxonomic
Databases Working Group), a unit level profile'® has been produced. This is an implementation the
ABCD Schema (see section 6 below).

A very interesting element of the program is the BioCASE thesaurus'® “... will be a key enabling
technology for BioCASE. Its function isto record and relate all of the terms derived from the indexing
of partner databases and metadata sources and to provide the terminological context for querying
those databases.” In the longer term the thesaurus should be capable of being used to describe and

link many aspects of biodiversity and earth sciences. Including aspects such as species behaviour.

EC CHM (European Community Clearing House M echanism)

The EC CHM (European Community Clearing House Mechanism™) is the European contribution to
the Global CHM (see below). It provides a Web site linking to and providing news regarding
European and Global projects related to the Convention on Biological Diversity (CBD). It aso
supports various European Wide projects and initiatives e.g. EUNIS (see below).

Interestingly EC CHM has also developed a ‘ Portal Tool Kit —*“The EC CHM Porta has been built
using a reusable package for portal web sites. This package is now available for also other CHM
nodes to use ™, 2 this provides a ready to use architecture that provides the required components
for the creation of a CHM type portal.

EUNI'S (European Nature Information System)

EUNIS™ is the European Nature Information System, developed and managed by the European
Taopic Centre for Nature Protection and Biodiversity (ETC/NPB in Paris) for the European
Environment Agency (EEA) and the European Environmental Information Observation Network
(EIONET). The datais designed to be used for environmental reporting and for assistance to the
NATURAZ2000 process (EU Birds and Habitats Directives) and coordinated with the related
EMERALD Network of the Bern Convention. EUNIS consists of information on Species, Habitat
types and Sites.

The EUNIS Application is developed under IDA EC CHM (European Community Clearing House
Mechanism) project™.

The Species part of EUNIS * contains information about more than 2,500 species and subspeciesin
Europe. However, the amount of information collected on each species varies in accordance with the
potential use of the data...” Searchable data e ements available include:

0 Names- Search by scientific name (in Latin) or by vernacular name (in any language)
Groups - Species & subspecies by main groups (Amphibians, Ferns ...)

Synonyms - EUNIS scientific names and synonyms

Country/Region - Species present in a country and a biogeographic region

European Threat Status - Species threatened at European level (only for Amphibians,
Reptiles, Breeding Birds and Mammals)

0 National Threat Status - Species threatened at Nationa level
0 Lega Status

EUNIS Habitat types classification (see under standards below) “is a comprehensive pan-European
harmonised description and collection of data across Europe through the use of criteriafor habitat

o O O O

197 http://www.biocase.org/Doc/Results WP3/BMP_v112.pdf

198 http://www.biocase.org/Doc/Results’\WP3/UnitProfileDoc/D8_ReportUnitProfile.pdf
199 http://wwwv.biodiversity.soton.ac.uk/biocase/thesaurus/

10" hitp://biodiversity-chm.eea.eu.int/

11 http://biodiversity-chm.eea.eu.int/stories’ STORY 1021469940

12 hitp://www.eionet.eu.int/software/PTK

13 http://eunis.eea.eu.int/eunis

114 http://biodiversity-chm.eea.eu.int/
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identification; it covers all types of habitats from natura to artificial, from terrestria to freshwater and
marine. Information on the EUNIS habitats classification is currently available on the web site” ™. A
number of European projects are using the EUNIS habitat types including BioCA SE (see below)

At the time of writing (July 2003) the EUNIS ‘site’ datais not available, however it is due for
publication in the near future

BioCI SE (Biological Collection Information Servicein Europe)

BioCISE™® can be thought of asister project to ENHSIN (see below) and a parent of the BioCASE
project (see above). It was a project aiming to “identify and publish on the WWW a cata ogue of
European collections and collection information systems” the actual database is available™’.

The primary means of collation was via the project was a survey of European biological collections™®
which provided the data for the service.

The data provided includes basic contact details including Web URL and details of parent
organisation and text based description of the organisation and details of the individual collections
held by the organisation including name, contact details, size of collection.

It also provides details of “Biological Collection Information System Expertise in Europe”**°
providing data on named experts with organisations under categories of; Collection Databasing,
Database Programming, WWW Design and Programming, Geographic Information Systems (GIS),
Information Systems and Computer Science.

The amount and level of detail is highly variable, ranging from a minimum of organisationa name
and address to comprehensive data. The majority of records are in-between these extremes.

ENHSIN

ENHSIN can be thought of as a sister project to BioCl SE (see above) and a parent of BioCASE (see
above), itsfocusis the sharing of specimen level data. It aimsto provide asingle search interface
across multiple heterogeneous specimen datasets. Details of a prototype are available™®. Itsfocusis
individual item level data with living, museum and laboratory collections.

ENHSIN has been expanded into BioCA SE another EU funded project “to create a pan European
operational system” (see above)

As part of ENHSIN the project, an extensive and in-depth survey was conducted of potential uses
regarding their collections and types of data that they would find useful about a collection e.g.
taxonomic, collecting details of specimens, repository and storage of specimens, availability of
specimens, further details and history of specimens. This coupled with other background research
including reviews of various technical standards, lead to the creation of a metadata standard and
prototype'?* and comprehensive recommendations for implementation on a range of issues ranging
from selection of metadata el ements though quality control and access control.

There was also areview of standards and transfer protocols and the development of a query using a
XML and ‘wrapper’ based technical architecture. Thiswas strongly linked with the Distributed
Generic Information Retrieval (DiGIR') project.

15 http://mrw.wallonie.be/dgrne/sibw/EUNI S/home html

18 http: //www.bgbm.fu-ber lin.de/BioCl SE/default.htm

17 http://www.bgbm.fu-ber lin.de/BioCl SE/DataBase/default.htm

18 http: //www.bgbm.fu-ber lin.de/BioCI SE/T hePr oj ect/Sur vey/default.htm

19 http: //www.bgbm.fu-ber lin.de/BioCl SE/DataBase/expinter f.htm

120 http://www.bgbm.fu-berlin.de/BioDivI nf/projectss ENHSI N/Pil ot mplementation.htm
121 http://www.bgbm.fu-berlin.de/BioDivinf/projects ENHSIN/X ML Client.htm

122 http://digir.sourceforge.net/
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ENBI (European Network for Biodiver sity I nfor mation)

ENBI'? is funded by DG Research. The main objective of ENBI is to establish a strong network that
will identify biodiversity information priorities to be managed at the European scalg, it isaso the
European contribution to GBIF. The project started in January 2003 and will run for 3 years...
“Primary biodiversity data will therefore have to be digitised and made accessible through an
integrated shared information infrastructure. The major objective of ENBI is to establish a strong
European network for this purpose. This network pools the relevant technical resources and human
expertise in Europe and will identify the biodiversity information priorities to be managed at the
European level. Other objectives are the establishment of communication platforms to inquire the
needs of the users of biodiversity information and to disseminate biodiversity expertise to
professionals and policy makers.”

Species 2000 europa & Species 2000

The Catalogue of Life: Biodiversity Resources and e-Science Gateway™* also known as EuroCAT isa
European commission funded project under the Fifth Framework Programme'® and is currently
scheduled to run from 1 February 2003 to 31 January 2006, it is the European contribution to larger
Species2000 project™. It was “established by the International Union of Biological Sciences (IUBS),
in co-operation with the Committee on Data for Science and Technology (CODATA) and the
International Union of Microbiological Societies (IUMS) in September 1994, It was subsequently
endorsed by the UNEP Biodiversity Work Programme 1996-1997, and associated with the Clearing
House Mechanism of the UN Convention on Biological Diversity.”'’

Species2000 is alarge project with wide ranging support, it is broadly “ Species 2000 is a federation of
database organisations...”. It aims to provide a“standard set of data for every known species’*® and a
‘Common Data Model’ (CDM™®), which is a definition of the way in which information flows
between Species2000 data providers (Global Species Databases, GSDs) and a portal (Common
Access System, CAS). The common data model is composed of a small set of elementsi.e. Accepted
Scientific Name, Synonyms, Common names, L atest taxonomic scrutiny, Source database, comment
field (Optional), Family.

It has a number of sub-projects e.g. standards development, technical architecture (SPICE Project)
and LITCHI™®, “a collaborative project on "taxonomically intelligent" software for interrelating
species diversity databases with differing taxonomic treatments. It was funded from 1998 to 2000
under the BBSRC/EPSRC Bioinformatics Initiative™ by the Biotechnology and Biological Sciences
Research Council ...” %,

The data co-ordinated and managed in an interesting manner. Individual specialist organisations are
responsible for particular groups of species™ e.g. the Natural History Museum in London are
providing data on Chalcidoidea and Tineid moths species groups.

4.3 International Organisations, Projects and Initiatives

The following examples of International organisations and projects with international scope, which
have significant impact on activity and information in the UK. It must be stressed thisis avery small
subset of international projects.

123

http://www.enbi.info/

124 http://sp2000europa.org/

125 \www.cordisu/fp5

126 http://www.sp2000.0rg/

127 http:/www.sp2000.org/background.html

128 http://sp2000europa.org/informati on/standarddataset.php

129" hitp://sp2000europa.org/information/commondatamodel.php
130 http://litchi.biol.soton.ac.uk/)

131 http://www.bbsrc.ac.uk/sciencelinitiatives/bi oinformatics.html
132 http://www.bbsrc.ac.uk/

133 http://www.sp2000.0rg/members.html and http://www.sp2000.org/initiating.html
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UNEP-WCMC - TheWorld Conservation Monitoring Centre

UNEP-WCMC (United Nationa Environment Programme — World Conservation Monitoring
Centre™®) are the body which monitors and co-ordinates data related to endangered species world

wide including species trade related data (e.g. CITES listed species). It is WCMC which collate the
datathat is used to produce the global Animal and Plant Red Data Books (http://www.redlist.org/) that
provide the standard reference on endangered and threatened species at a Global level.

It publishes very extensive paper based information'* and holds and provides access to alarge
number of electronic data sets [some very large and complex - the animal and plant databases hold
some 200,000 records with 50 database tables] related to biodiversity via CD-ROM and the Web, e.g.
the species database™ links a number of databases e.g. Plants of global conservation concern, Trees
of global conservation concern, CITESHisted species, EU Wildlife Trade Regulation listed species
and Coral Disease Mapping Service. They aso hold large habitat related datasets™’.

Many of these datasets are of globa importance because they are the definitive sourcesin critical
areas, for example data related to trade restrictions and collated data on protected areas and
conservation status of species (e.g. CITES™) .

The different database systems have evolved over time and use a number of internal relational data
schemas. The system are now linked to allow cross searching viaa Web interface™ and can be
searched on species taxonomy (e.g. Phylum, Class, Order etc.) and common name — this database
contains over 500,000 common names. It provides an interactive mapping services linked to some of
its databases'®. These allow maps to be dynamically generated from the datasets.

UNEP-WCMC works with many organisations world wide to collect, produce and collate data at both
International and country levels e.g. in the UK with Royal Botanic Gardens at Kew, English Nature,
DEFRA.

GBIF (Global Biodiversity Information Facility)

Broadly speaking GBIF*! aims “to make the world's biodiversity data freely and universally
available.”. It is based on — international science funding. It has alayered membership ‘Voting
Participant’, Associate Participants: Countries/ Economies and Associative Organisations. Broadly
speaking projects that hold data are the stakeholders while the customers are governments.

GBIF plans to use a distributed model — based on open standards with the same basic goal as NBN of
meeting the needs of policy makers, scientists, conservationists and public access. Ghif aims to adapt,
not make schemas. The NBN (see above) will be the Gbif node for the UK. However as UK museums
also hold non-UK data, there are significant issues around repatriation of data so that the datais
available to people in that locality.

The UK isa‘Voting Participant’ in GBIF and the national Node co-ordinator is based at the INCC.
Practical focusin the short term are species and specimen level data and metadata registry and access.

“The purpose of the Global Biodiversity Information Facility (GBIF) isto make the world's
biodiversity data freely and universally available via the Inter net.

GBIF works cooperatively with and in support of several other international organizations concerned
with biodiversity. These include (but are not limited to) the Clearing House Mechanism and the
Global Taxonomic Initiative of the Convention on Biological Diversity , and regional biodiversity
information networks.

Participants in GBIF have signed the Memorandum of Understanding, and support network Nodes
through which they provide data.

134 http://www.unep-wemc.org/

135 http://www.unep-wemce.org/resources/publications/publications list.htm
1% http://www.unep-wemc.org/speci es/dbases/about.htm

137 hitp://www.unep-weme.org/habitats/index.htm

138 http://www.unep-wemc.org/species/scalscs.htm

1% http://sea.unep-weme.org/isdb/ Taxonomy/

140 http://www.unep-wemc.org/reception/ims.htm

1 http://www.gbif .org/
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Functionally, GBIF encourages, coordinates and supports the development of worldwide capacity to
access the vast amount of biodiversity data held in natural history museum collections, libraries and
databanks. Near term GBIF developments will focus on species and specimen-level data.

Technically, GBIF is evolving to be an interoperable network of biodiversity databases and
information technology tools using web services and Grid technologies. In the near term, GBIF will
provide a global metadata registry of the available biodiversity data with open interfaces. Anyone can
then use it to construct thematic portals and specilised search facilities. Building on the contents of
thisregistry, GBIF will provide its own central portal that enables simultaneous queries against
biodiversity databases held by distributed, worldwide sources. In the long term, molecular, genetic,
ecological and ecosystem level databases can be linked to the system. These will facilitate and enable
data mining of unprecedented utility and scientific merit.”*#

Asitswork programs progress, GBIF will enable users to navigate and put to use the world's vast
quantities of biodiversity information. Thisinformation is vital to generating economic,
environmental, social and scientific benefits from the sustainable use, conservation and study of
biodiversity resources.”

The work programme for 2003 is ambitious and concentrates on six programme areas'™:

0 Establishing the GBIF information system
Developing standards for interoperation of biodiversity databases (DADI)
Helping to complete the Electronic Catalogue of Names of Known Organisms (ECAT)
Promoting the digitising of natural history collection data (DIGIT)
Preparing the foundation for a comprehensive plan for outreach and capacity building
(OCB)
0 Providing tools and recommendations for the development of GBIF Participant Nodes
and for databases that wish to affiliate with GBIF. (This component is contained in the
other five work programme areas and does not have a separate budget of its own.)

O o0oOo0o

Each of these components aims to work towards new levels of interoperability of biodiversity
information. Taking ECAT - Electronic Catalogue of Names of Known Organisms, as an example the
goal isto create a global “electronic catalogue of names of all known species of organisms, including
viruses, micro-organisms, fungi, plants and animals. It isimportant to work towards breadth (rapid
coverage of all known species— currently estimated at 1.7 million species), and depth (including
responsible taxonomic opinion as to a workable set of accepted species, with associated synonymy
and links to alternative treatments).”

“... ECAT isforeseen as consisting of two major phases. In the first phase, the work programme will
focus on bringing existing name resour ces of various scope and owner ship together in a unified store
available to everyone through the GBIF portal... In the second phase, ECAT will focus integrating the
accumulated data into Global Species Databases (GSDs). To do this, ECAT will need to facilitate the
formation and ongoing activities groups of experts who will work to scrutinise and harmonise the
regional and local datasets.”

At present the broad architecture is planned to be based on Web Services technologies,

particularly based on XML document exchange. Thisis seem to be for a number of pragmatic
reasons e.g. A Web Services model allows participants to use existing tools and databases with a
minimal additional layer of software wrappers, XML -based Web Services operate naturally across
standard HT TP connections and do not require special access through firewalls, the suite of XML
technol ogies includes open standards to support the registration of Web Services and the description
of their interfaces, as well as to exchange structured data and present it to users, XML tools and
libraries are available for al popular development languages, including Java, Perl and PHP and
validation of XML documents can be largely automated using standard features of the technology™*.

There are plans to develop a Schema Registry that will form an integral part of the GBIF system.

142 hitp://www.ghif.org/GBIF org/what is ghif
143 http://www.ghif.org/GBIF_org/wp/wp2003/GB5_16Work%20Programme2003 2006-v1.0-approved.pdf
144 http://www.gbif.org/GBIF_org/wp/wp2003/GB5_16Work%20Programme2003 2006-v1.0-approved.pdf
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Species 2000 (http://www.sp2000.0rg/)
See species 2000Europa above

All Species

The goal of the AllSpecies project™® isto “catal ogue every living species on earth within one human
generation (25 years).” It has significant support from high profile scientists*®.

Thereis a publicly accessible database of initial work’ which provides what appears to be cross
searching capability across eleven databases including: AmphibiaWeb Bishop Museum The CABI
Bioscience Database of Fungal Names The Diptera Site The EMBL Reptile Database Hymenoptera
Name Server The NCBI Taxonomy Page The Orthoptera File Species 2000 The Tiara Biodiversity
Project The World Spider Catalog™®.

It is not clear from the project Web site what metadata or technical architecture the project will be
utilising.

ARKive
See section on UK organisations above.

Clearinghouse M echanism of the Convention on Biological Diversity (CHM)

The Clearinghouse Mechanism (CHM™) of the Convention on Biologica Diversity (CBD) was
bought into being by Art. 18(3) of the United Nations Environment Program'’s, Convention on
Biological Diversity (CBD) which isthe basis for the implementation of the clearinghouse mechanism
(CHM).

Itams*...at promoting and facilitating technical and scientific cooperation among Contracting
Parties and participants in general. Through the CHM global access to and exchange of information
on biodiversity and its sustainable use will be facilitated. The CHM contributes to and actively assists
in the implementation of the three objectives of the convention, namely the conservation and
sustainable use of biological diversity and the equitable sharing of benefits arising out of the use of
genetic resources. Information sharing on this three-fold approach is the principal objective of the
clearinghouse mechanism.”

In practice the CHM seems to be working in partnership with other initiatives and nationa and
regional CHM to develop and adopt infrastructure, technical standards, policy, work plans and the
necessary toolkits™ to bring about their goals. Initiatives include the CBD Controlled Vocabulary™
which “was devel oped with the intent to provide the Secretariat with a list of termsto be used as
descriptors, i.e., metadata, for web pages on the Convention's web site. The list can also be used by
Clearing-house Mechanism (CHM) national focal points to describe the contents of their national
CHM web sites.”

Environmental News Networ k

The ENN isthe most developed example of an environmentaly focused news service Web site. It
aggregates news from around the world from a very diverse range of sources, ranging from
international journals and national news papers to news provided by ‘affiliates *** and businesses who
can submit news to the ENN for an annual fee (~$300 pa and $600 pa respectively).

They provide Web based access to the news stories and in-depth articles and provide a daily email
summary of news stories to registered users.

145 http://www.all-species.org/

146 http://www.al-species.org/advisors.html

147 hitp://www.speci estool kit.org/index.jsp

148 http://www.speciestool kit.org/databases.jsp
149 http://www.bi odiv.org/chm/

130 http://www.biodiv.org/chm/tool kit/

151 http://www.bi odiv.org/doc/cbd-voc.aspx

152 http://www.enn.com/aboutenn/products.asp
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They also provide ameans for organisation to use ENN news feeds on their own Web sites;
“EcoBytesis a live environmental news box maintained by the Environmental News Network which
gives your web site visitors access to breaking environmental news 24 hours a day. EcoBytes can be
easily placed on any web site in a matter of seconds and requires no maintenance or updates.
EcoBytes displays headlines of the three most recent stories published by ENN. EcoBytesis a free
service provided to ENN Affiliates and is updated daily.”*>

It appears that the system is based on bespoke infrastructure for data aggregation, submission and
publication.

158 http:/Awww.enn.com/aboutenn/about-ecobytes.asp
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5. Visions of I nteroperation

The overal picture from the research undertaken as part of this study is that there are communities of
interest (be they working in a particular subject area or geographical location or organisation) that are
largely independent on a day-to-day basis [one interviewee described them as ‘silos of information],
with some notable exceptions, and a number of projects and initiatives designed to bring data from
various communities together - some examples of these silios include ‘natural’ [long standing]
divisions of interest botanical v zoological and particular speciesfoci (e.g. bird data collections
community seems to be relatively distinct from insect data) and ‘communities' of interest outside but
related to biodiversity e.g. climate, geological, archaeological. Within in each area there has been
work towards technical standards development (inc. data and metadata) but thisis arelatively new
areaand activities such as GBIF are drawing attention to the large-scale requirement for integration
and interoperability between them. The degree and extent of standards development varies widely
from community to community.

Asin section described in section 3.1 above while these areas may be conceptually and practically
distinct, there is very significant necessity for the integration of data from these sources by different
groups of users, particularly in areas such as policy making.

The desire for effective interoperability within the biodiversity and wildlife areas has been long
standing and is far from new. The development of taxonomic naming conventions are obvious
examples. However with computer and networked technol ogies the potentia for more effective and
comprehensive integration of data has become much greater. It has also been coupled with greater
multidisciplinary activity as well as growing needs and expectations, as environmental issues have
risen askey priorities.

Large-scale cross disciplinary dataintegration is problematic for many reasons, e.g. the need to
change long standing professional practices, political and technical factors. This has lead to parallel
devel opments both within domains and technical developments doing essentially similar thingsin
loosdly related domains.

Some recent attempts to widen interoperability e.g. NBN, BioCASE and on alarger scae GBIF are
notable exceptions. BioCASE in particular is noteworthy in creating a thesaurus capable of describing
concepts related to species observations, museum specimens, climate and geology.

These projects are of course not isolated, either geographically or conceptualy, across the world and
across different areas of education, business and government similar activities are taking place. For
examplein the UK at governmental level government interoperability framework (e-GIF)™*, which
will asit develops, have a significant impact of the UK wide approach to biodiversity and wildlife
related data as the system attempts to bring together al policy and governmentally related data
together under one large framework — itself feeding larger regional and international systems.

At atechnical and scientific level - computing power as well as datathe Grid and in the UK e-Science
projects™, will no doubt have a significant part to play in developing interoperability standardsin the
biodiversity and wildlife domains.

Returning to Biodiversity and Wildlife, the broad high level vision seems to be ssimple and widely
articulated. A good example of the motivations and stated goals of such projectsin the
biodiversity/wildlife [in this case focused collections related data] domain isthat of the CODATA
Project:

“Biological collections exist in different scientific sub-disciplines: zoological, botanical, and
palaeontological natural history collections, living collections like botanical and zoological
gardens and microbial strain and tissue collections, and data collections stemming from
surveys of objectsin the field (like floristic and faunistic mapping, inventories). Research
conducted over the past decade has revealed that all these collections have most of their
attributes in common, although the terminology used to describe them may differ
substantially.

154 hitp://www.egif.org/fag.html
155 http://www.escience-grid.org.uk/
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Biological collections represent an immense knowledge base on global biodiversity. Field
and research notes contain detailed data on the locality, time, and often appearance of
organisms; the collected object itself can be a physical resource for research and industry.
The preserved object also presents a falsifiable source of information, i.e. it can bere-
observed to verify a scientific hypothesis based on it. Between 2 and 3 billion objects exist in
natural history collections alone. Currently, this knowledge base is largely under-utilized,
because its highly distributed, heterogeneous, and complex scientific nature obstructs
efficient information retrieval.

Databasing and networking is now seen as the key to employ the potential value of biological
collections for science, government, education, the public, and businesses, operating in the
environmental sector, in biotechnology, or in biodiversity research. Efforts to network the
resources exist, but thereislittle transfer of technology and co-ordination on a global level.
International collaboration on the standardization of information models and standard data
used in collection databases can enhance the efficiency of this process.”**

Very significant issues arise as such integration begins to take place. For example one of theseisthe
repatriation of data, i.e. returning data to the locations/countries where it was obtained so that the
peoples and wildlife from those areas themsel ves benefit from the data — both legacy e.g. from
Museum collections and new e.g. biodiversity survey data. Fundamentally it is about equitable benefit
sharing and applied use. Although the problem of integrating such data may seem relatively smple, at
least in principle. A number of issues arise not least that this requires capacity building in the area or
country, i.e. issues of how readily and meaningfully the relevant people can actually accessthe
information.

156 http://www.bgbm.org/ TDWG/CODATA/default.htm
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6. Standards and Standar ds Development

6.1 Introduction and Context to Standards Development

This section aims to provide an overview of some of the significant metadata, transfer and related
standards that exist or are under development in the biodiversity/wildlife domain. It quickly became
clear that a comprehensive survey of the standards was far beyond the scope of this small piece of
research. However it is hoped that the overview provided will give a useful impression and examples
of the types of standards and related devel opments at present.

It is useful to note that there is a distinction between standards that are related to technical
interoperability (e.g. file formats, syntax and data transfer protocols) and those rdated to semantic
interoperability (e.g. data modelling and knowledge representation). It is these layers that provide
overal interoperability between systems. It is possible to extend this view of interoperability to
encor;lsp?ss socid and political factors. Thisis done usefully by Paul Miller the UK Interoperability
Focus™":

Technical Interoperability

In many ways the most straightforward aspect of maintaining interoperability, consideration of
technical issues includes ensuring an involvement in the continued development of communication,
trangport, storage and representation standards such as 239.50, 1SO-ILL, XML, etc. Work is required
both to ensure that these individual standards move forward to the benefit of the community, and to
facilitate where possible their convergence, such that systems may effectively make use of more than
one standards-based approach.

Semantic | nter oper ability

Semantic interoperability presents a host of issues, dl of which become more pronounced as
individual resources — each internally constructed in their own semantically consistent fashion — are
made available through 'gateways such as that from the Arts & Humanities Data Service or union
catalogues like COPAC. Almost inevitably, these discrete resources use different termsto describe
similar concepts (‘Author', 'Creator', and '‘Composer', for example), or even use identical termsto
mean very different things, introducing confusion and error into their use. Ongoing work on the
development and distributed use of thesauri such as those from the Getty is one important aid in this
area, and worthy of further exploration.

Palitical/ Human I nter oper ability

Apart from issues related to the manner in which information is described and disseminated, the
decision to make resources more widely available has implications for the organisations concerned
(who may seethisas aloss of control or ownership), their staff (who may not possess the skills
required to support more complex systems and a newly distributed user community), and the end
users. Process change, and extensive staff and user training are rarely considered when deciding
whether or not to release a given resource, but are crucia to ensuring the effective long-term use of
any service.

I nter-community I nter oper ability

Astraditional boundaries between institutions and disciplines begin to blur, researchers increasingly
require access to information from a wide range of sources, both within and without their own subject
area. Complementing work in the library sector, important initiatives are also underway in related
information providing communities such as museums and archives. In many cases, both goals and
problems are similar, and there is much to be gained through adopting common solutions wherever
feasible.

This synergy has been recognised, too, by the European Commission, and a significant number of
projects may well be funded under their Fifth Framework Programme which will be required to
demonstrate such inter-community interoperability in practice.

57 http://www.ukol n.ac.uk/interop-focus/about/.
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Inter national I nter operability

Each of the key issuesidentified, above, is magnified when considered on an international scale,
where differences in technical approach, working practice, and organisation have been enshrined over
many years.

Although already afactor in some areas of the United Kingdom, issues related to the language in
which resources are provided and described become increasingly significant when dealing with those
delivered from or provided for other countries.

Nevertheless, the UK Higher Education community stands to make significant gains from
involvement in the design, provision, and dissemination of world-class resources, and representation
of this community's needs and expertise on the international stage is an important aspect of ensuring
effective interoperability, whether within the UK aone, or between the UK and more remote
resources.

Thismodel is useful in that it helps make explicit what is generally tacit with regard to the more
“human’ factors with respect to interoperability.

The author of thisreport is not a speciaist in the biodiversity/wildlife domain and from that
perspective [as noted above] it has seemed to be the case, that different interest groups (e.g. academic
disciplines, species focused voluntary sector organisations, and campaign groups) within biodiversity,
wildlife, environmental areas, work largely independently on aday to day basis, e.g. in genera
botanists do not work with zoologists, geologists with biologists, etc.... In genera they do not require
their data to be integrated with that of other groups. Thisis reflected in the fact that the mgjority of
collaborative database projects have in the (even very recent) past been focused on one area of interest
(e.g. specific taxonomic species groups or museum collection data, etc...) with few systematic
attemptsto link to other largely ‘unrelated’ datasets. It is generally people outside of those
communities (e.g. policy makers, consultants, educationalists and environmental protection agencies)
or interdisciplinary research teams that require the large-scale integration of the data.

The broad picture gained though the research is that; in genera organisations, projects and initiatives
use bespoke schemas with avery wide range of software and hardware platforms for internal use—in
the case of software possibly every major commercial, freeware and OpenSource product that has
been available over the last 30 years — this should be seenin ‘historical’ context. Individual research
teams and research projects in the past worked largely independently — the ability to share datain
relatively open ways and access to large systems was restricted — in general data was collected,
collated and anaysed internally to a project or piece of research, and then published in paper form
often in academic or highly specialised journals.

Computer based data capture and storage and then the Internet in the 1980s, was largely used within
projects and organisations on asmall scale. Local Area Networks allowing some sharing of data. The
development of standards for sharing data has only begun in earnest in the last decade, perhaps
motivated by the development and widespread use of the Web and increasing realisation of the value
of such sharing and integration.

Standards however are not a new issue, as noted above, they are cornerstone of scientific biological
research and conservation activity, e.g. in the scientifically valid identification of species, locations,
etc. The Linnean system of classification has been in existence since the eighteenth century. However
as oneinterviewee pointed out “... after 200 years we have inherited as situation where... taxonomy
isadistributed process.” Thisisreflected in the fact that decades after the wide spread use of
computer systems in biology there gtill exists no definitive list of identified species and species

names. However there now seems to be concerted work towards such systems, e.g. the work of groups
such as the International Working Group on Taxonomic Databases™ and initiatives such as the NBN
Species Dictionary in the UK, Species2000, AllSpecies and many more not detailed above, aim to
facilitate the development of that common central ‘ authoritative’ system.

Many of the mgjor data sharing and standards developments (and the motivation for the funding of
many other organisations and projects) are focused around the implementation of biodiversity

158 http://www.tdwg.org/
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conventions (especialy monitoring) e.g. the Clearing House Mechanisms (see section 4.1 above) and
UK Biodiversity Action Plan Activities™.

The practice of ‘standards development within particular domains or areas, even at a national level,
has been found (as part of this survey) to be all but inscrutable by anyone outside a particular
community. In particular understanding inter-relationships between various projects and initiatives,
which often seem to revolve around a single individuals or small groups of organisations. At an early
stage of this project a series of network diagrams were drafted with the goal of mapping out the
standards and their inter-relationships. This work was abandoned as it became clear that such a
mapping would take very significant time and was hugely complex. Figure 5 shows part of an
example of one of these early attempts.
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Figure 5—small and incomplete part of early attempt to produce visualisation of
rel ationships between organisations, projects and standards

6.2 Some Key standards

This section describes some of the key standards identified as part of this research project. They are
grouped under broad headings that reflect the types of information that the standard(s) are most
related to. However these categories overlap and are not intended to represent any formal
classification of the standards.

6.2.1 General Biodiversity and Environmental
This group are broadly based standards covering fairly wide ranging and high-level classifications.

CBD Controlled Vocabulary (Convention on Biological Diversity'®) “The CBD Controlled
Vocabulary was developed with the intent to provide the CBD Secretariat with alist of termsto be
used as descriptors, i.e., metadata, for web pages on the Convention's web site. The list can adso be

159 http:/www.ukbap.org.uk/
180 http:/www.biodiv.org/doc/cbd-voc.aspx
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used by Clearing-house Mechanism (CHM) national focal points to describe the contents of their
national CHM web sites.”

The broad aims in devel oping the vocabulary were to “assist in the searching, locating and retrieval of
information by linking similar documents and resources with a unique term... [and to] standardize
description of web sites, and so assist in efforts to make information interoperable.”

It contains some 745 terms and defines standard thesaural rel ations Broader, Narrower, Related Terms
and USE and ‘Use for’, between them.

GEMET (GEnera Multilingual Environmental Thesaurus'®) is a European Union Multilingual
Thesaurus — it was “ devel oped as an indexing, retrieval and control tool for the European Topic
Centre on Catalogue of Data Sources (ETC/CDS) and the European Environment Agency (EEA),
Copenhagen. ... "genera" thesaurus, aimed to define a common general language, a core of generd
terminology for the environment. Specific thesauri and descriptor systems (e.g. on Nature
Conservation, on Wastes, on Energy, etc.) have been excluded from the first step of development of
the thesaurus and have been taken into account only for their structure and upper level terminology.

It presents 5,298 descriptors, including 109 Top Terms, and 1,264 synonyms in English. The 5,524
terms belonging to the parental thesauri and not included in GEMET, constitute an accessory
aphabetical list of free terms.”**

The terms are related using the standard (1SO norms on monolingual and multilingua thesauri)
thesaural vertical relations Broader Term, Narrower Term and horizontal relation Related Term.

At present it is available in the following languages:. “Basque, Bulgarian, Dutch, Finnish, French,
German, Hungarian, Italian, Norwegian, Portuguese, Russian, Slovenian and Spanish. For Danish,
Slowak, Swedish and Greek some few descriptors are still missing.”

Itisavailablein HTML (browsesble), pdf and XML formats'

BIOSI S*** is a non-profit organisation'® is o that “delivers flexible information services — including
databases and customized information products — to the global life sciences community.” In particular
it provides abstracting services including the very widely used Biological Abstracts and Zoological
Record. These have associated a controlled vocabulary called “BIOSIS Controlled Vocabulary”** and
a Thesaurus Used in Zoological Record™ . These is designed to provide indexing terms for all the
publications from the life science communities.

BioCASE Thesaurus:

The BioCASE thesaurus (See BioCASE above'®) is under development (June 2003) it will cover
species museum and living collection, species observation, geo-ecological, location, time and other
data. In practiceit is more a knowledge capture/representation and query tool than thesaurus alowing
complex queries related to locations, species, habitats terms (or more accurately concepts) over time
including how they may have been redefined over time and are related to other terms in abstract,
rather than only via standard thesural relationships. Development is on going, full working versions
are planned for 2004.

EGIF (e-Government Interoperability Framework'®) This set of standards is under development by
the UK Government. Itsaim isto adopt Internet and WWW standards for all government systems. At
present there seem to be no specific biodiversity or environmentally related standards. However itis
likely that at some point such standards will be implemented and be of significant impact on
biodiversity information across the UK.

161 hitp://www.eionet.eu.int/ GEMET

162 hitp://eea.eionet.eu.int:8980/irc/Downl oad/kfeY ABIGMUGSG67_BiogznZp5sV ulGil/d-4yHh4tk6f4g-4/Info2001. pdf
163 hitp://www.eionet.eu.int/ GEMET

184 http://www.biosis.org.uk/

185 This was correct at the time of writing, however BIOSISisno longer a not-for-profit organisation

186 http://www.biosis.org/training_support/reference shelf/list_toc.html

187 http://www.biosis.org/free resources/zr_taxhier.html

188 http://www.bi ocase.org/Doc/Project/DoW/DoW-Workpackage 4.shtml

189 http://www.govtal k.gov.uk/schemasstandards/egif.asp
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6.2.2 Species Related Data

Identification of speciesis possibly the most critical element biodiversity related data integration.
Thisis because the vast majority of biodiversity and wildlife information is focused around species.
The accurate identification of speciesisthus vital to linking of datasets. If it is unclear that a species
being referred to is actually the same species as another e.g. using two different common names or
even the same common name but from different locations. Then one cannot assert that any data
retrieved isvalid.

Taxonomic classification is covered by very clear rules such as NCZN and NCBN e.g. "The rules that
govern scientific naming in botany (including phycology and mycology) are revised at Nomenclature
Section meetings at successive International Botanical Congresses. The present edition of the
International code of botanical nomenclature embodies the decisions of the XVI International

Botanical Congress held in St Louisin 1999 and supersedes the Tokyo Code, published six years ago
subsequent to the XV International Botanical Congressin Y okohama."*™® As mentioned on section 3
above the standard is PhyloCode™ is rapidly evolving as a standard in the same area based on
phylogenic rather than rank based classification. However it is planned that PlyloCode will be used
concurrently with the existing codes based on rank-based nomenclature (ICBN, ICZN, etc.).

Thisisthe basic reason that so many of the biodiversity information projects worldwide are focused
on creating ‘ species dictionaries’ as the basis for joining species related data.

Inthe UK, it islikely that there are quiet literally thousands even tens or hundreds of thousands of
species related data sets — related to al and any aspects of species ranging from species observations,
distribution and conservation, to economic exploitation, to veterinary and medical research, to
behavioural studies to museum specimens.

This means that amost any organisation or project or software application that that isinvolved in any
of these areas will have a means of identifying relevant species. Some examples include:

0 TheMeSH (Medica Subject Headings) thesaurus'™. For example ‘cat’*” isin the
classification tree under Vertebrates [B02], Mammals [B02.649], Carnivora [B02.649.147]
along with other sub-categories. Bears, Cheetahs, Dogs, Ferrets, Foxes, Lions, Mink,
Mongooses, Otters, Raccoons, Skunks and Wolves.

0 TheNBN species dictionary'™ has provides a full taxonomic tree for speciesin the UK.

0 Inan éelectronic version of adirectory of environmental organisations, Who's Who in the
Environment (Environment Council 1998), the species related classification system is
‘Species’ with sub-categories of animals, birds, fish, invertebrates, mammals, reptiles and
amphibians, plants, trees, other (e.g. fungi, mosses)

These examples illustrate that the type and detail of species categorisation depends significantly on
the specific application area. In the last case the groupings are based purely on the pragmatic
requirements while in the other two on scientific classification. However the MeSH structure reflects
pragmatic requirements within that structure, limiting the sub-categories to only those that are
relevant. In general projects develop bespoke categorisations (often subsets or specialisations of a
generic taxonomic hierarchy) depending on their particular application.

With respect to formal scientific taxonomic data the TDWG (Taxonomic Databases Working Group)
is one of a number of organisations |eading the development of standardsin this area™, e.g. though
the Standards, Information Models, and Data Dictionaries for Biological Collections sub-group*™.

Such standards are especialy strong in the case of plant species.

Many projects are working in this area e.g. Species2000 and All Species (see above) at International
levelsand NBN at a UK level. GBIF (see above) appears to be becoming a focus or conduit for the
development of standards.

170 http://www.bgbm.org/iapt/nomencl ature/code/SaintL oui /0000St. L uistitle.htm
7% http://www.ohiou.edu/phylocode/

172 hitp:/fwww.nlm.nih.gov/mesh/

173 http://www.nlm.nih.gov/cgi/mesh/2003/MB_cgi

174 http://nbn.nhm.ac.uk/nhm/

17 http://www.tdwg.org/standrds.html

176 http://www.bgbm.org/ TDWG/acc/Referenc.htm
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Oneinteresting idea that seem to have been abandoned for practical and theoretical reasonsis that of
providing a‘ species URL’ much like a taxonomic version of the internet DNS, system for resolving
Internet domain names”.

6.2.3 Species Observation Data

In the UK the most comprehensive data model for the capture of species data had been devel oped by
the NBN (see above) in the form of the NBN Data mode*”®. It has been developed and implemented
in the Recorder2000 and Recorder2002 observation data software. The data model is very
comprehensive (for more detail see NBN above)

6.2.4 Locations/Nature Reserves

The development of GIS (Geographical Information Systems) has been one area where integration of
data has been widespread; such systems have traditionally used a small number of proprietary data
formats. They have allowed the sharing of geographically linked data. Recent manifestation of thisis
reflected in the current development of the MAGIC'" system by the UK government.

Geographic location or distribution, much like species identification is common across many types of
all data sets. Thisis because locations are important elementsin many types of data e.g. species
observations, museum collections (e.g. physical location of specimen, where it was collected,
addresses of past locations...), any databases that include details of organisations or individuals, etc.

The basis of geographical location data are Grid References (as defined by the Ordnance Survey™)
and L atitude and Longitude co-ordinate data. Increasingly GPS (Global Positioning Satellite) systems
are used to capture raw position data.

Where such datais used for survey or distribution data it is generally imported into some form of
Geographic Information System (GIS). There are a number of widdly used GIS software products
with proprietary data standards (e.g. ARCInfo & ARCView™" and MapInfo'®. Open GIS™, an
evolving open (i.e. non-proprietary) standard that who's use is being integrated into a number of
related technical standards e.g. the UK government e-GIF standards —see above)

In the UK the government and government agencies are developing a range of means of integrating
geographic data one central to wildlife and biodiversity dataisMAGIC Itis a“... one-stop shop for
rural and countryside information from the partner organisations, bringing together definitive rural
designation boundaries and information about rura land-based schemes into one place for the first
time.”

Gl Gateway™: “ Glgateway is aweb service aimed at increasing awareness and access to geographical
information in the UK. Funded by the Government through the National Interest Mapping Services
Agreement (NIMSA), Glgateway is a not-for-profit organisation set up specifically to address Gl
industry wide problems... [Gigateway] offers two online services: the Data Locator and the Data
Directory. Wherever possible, these services are interactively linked.” The gateway has defined a set
of *discovery metadata specifications '®. At present a demonstration of the system using postcode as
ameans to access information about the location e.g. Country, County, Local Authority, Ward,
Government Office for the Region, Standard Statistical Region, Parliamentary Constituency and other
data. Summary datawill be made available to the public using the Countryside Information System
(see below).

Countryside | nformation System (CIS*) is“ The Countryside Information System (CIS) isa
Microsoft Windows-based program developed to give policy advisers, planners and researchers easy
access to spatial information about the British countryside. CI'S contains a wide range of
environmenta data - including landscape features, vegetation habitats and topography for each one

177 TBA

178 http://www.nbn.org.uk/downl oads/files/Rec2K DataM odel .zip

79 http://www.magic.gov.uk/

180 http:/www.ordnancesurvey.co.uk/freefun/national grid/national grid.pdf

181 http://www.esri.com/

182 hitp://www.mapinfo.com/

183 http://www.opengis.org/

184 http://www.gigateway.org.uk/

185 http://www.qi gateway.org.uk/datal ocator/metadatalpdf/ Gl gateway %20Di scovery %20M etadat a%20Specifi cations%20v3.pdf

18 http://www.cisweb.org.uk/

pjs'summary report of swara biodiversity info survey v1.0.doc - 24Feb04 - Pagedd



kilometre square of Great Britain. As part of the CIS, the Data Catalogue provides information that
enables users to identify and obtain available datasets and a forum for data suppliersto promote their
datasets. The development of the Countryside Information System was funded by Defra and the
software is supported by ADAS under contract to Defra” It includes a number of biodiversity datasets
including species data via the Biological Records Centre and Northern Ireland Breeding Wader
Surveys.

6.2.5 Habitat, Biotope, Vegetation, and Ecosystem

The various habitat, biotope, vegetation, and ecosystem schemes focus on identification of character
and variation of species thus providing a system of grouping species with similar ecological affinities.
Some of the mgjor systemsin use in the UK include National Vegetation Classification (NVC),
Countryside Vegetation System (CV'S), CORINE Biotopes; Phase | Habitat Survey; Biodiversity
Action Plan Broad Habitats; Northern Ireland Countryside Survey classifications and the National
Marine Habitat Classification for Britain and Ireland™® and the EUNIS habitat classification (see
EUNIS above).

Projects such as the NBN that aim to aggregate such data, have found it problematic to ‘join’ these
systems as they are in general describing different characteristics and thus cannot be ssmply matched
on aoneto one basis. The NBN data model (see NBN below) alows the use of multiple schemas and
allows relationships between them to be described, but as yet such relationships are not generally used
in applications™®,

There are other schemas used by different organisations e.g. the IUCN have developed a system for
the Red Data Books (see WCMC above™), itself based on a number of schemas“...based on a
climatic and biogeographic classification using Holdridge's life zones as a basis'™. The aquatic
habitats (inland, marine and artificial) are based primarily on the classification system of wetland
types used by the Ramsar Convention™". Thereisathird level to the classification which is based on
the Globa Land Cover Characterization (GL CC) developed by the US Geologica Survey's (USGS)
Earth Resources Observation System (EROS) Data Center, the University of Nebraska-Lincoln

(UNL) and the Joint Research Centre of the European Commission™.”

Many projects develop their own, e.g. the ARKive project (see above) with aglobal focus have also
developed a bespoke system. It seems that these develop because there is no single system (or system
that is extensible) that meets the specific needs of different projects, with different foci.

6.2.6 Museum and Living Collections

As discussed above historically been the case that individual museums, museum projects and living
collections have developed their own custom databases. However in more recent period, there are a
number of metadata standards that are widely used within the museum sector in the UK the
SPECTRUM™ standard is very widely used and implemented by the MODES software'®.

In the specific case of biological collections., the Task Group on Access to Biological Collection Data
(ABCD™) is the most prominent organisation. It isajoint project between TGWG (International
Working Group on Taxonomic Databases™®) and CODATA (Committee on Data for Science and
Technology ).

Objectives of the Task Group are, “... to foster accessibility of existing and emerging biological
collection data banks at the international level by devel oping proposals for data and metadata
standards. The groups long-term objectives: 1) Foment standardization of the terminology used to
model biological collection information, 2) Collect and make public documents providing standards

187 http://www.jnce.gov.uk/marine/biotopes/

188 http://www.bgbm.org/biodivinf/docs/archive/Copp C 2000 - NBN_Data Model.pdif.
189 http://www.iucn.org/themes/ssc/sis/authority.htm and http://iucn.org/webfiles/doc/SSC/RedL ist/AuthorityF/habitats.rtf
190 http://www.grid.unep.ch/data/grid/images new/gnv005-1.gif

9% http://www.ramsar.org/key ris types.htm

192 hitp://edcdaac.usgs.gov/glec/gloc.html

193 http://www.mda.org.uk/spectrum.htm

194 http://www.modes.org.uk/

1% http://www.bgbm.fu-berlin.de/ TDWG/CODATA/default.htm

19 http://www.tdwg.org/

97 http:/Awww.codata.org/
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used in - or of potential use for - biological collections, 3) Contribute to a general format for data
exchange and retrieval for biological collections.

A major achievement of has been to bring together networks on specimen information to discuss
common access, namely ENHSIN [ see above™], ITIS®, ITISCA?, REMIB*, Species Analyst™®,
and the Virtual Australian Herbariun?®.”

The ABCD Schema®™ is still under development and takes the form of an XML-based standard for

“... distributed data retrieval from collection data bases. It is designed to be used as a result schema,
i.e. for data returned from collection databases as the result of a request. A non-hierarchical access
schema with a much reduced number of elements (comparable to the Darwin Core) will be used for
data requests.”

The BioCASE (see above®™) project is the reference implementation of the ABCD schema. The
Darwin Core®™® is a standard based on the concept of Dublin Core, that of acting as asimple and
generic data sharing format for sharing metadata. In this case focused primarily, biological collection
data. It hasa XML Schema.

A significant area of development is that of Collection Level Descriptions (CLD), which provide a
means of describing characteristics of collections (of various scales) as awhole. Thismeansthat it is
possible to locate likely collections even where there is no item level metadata— which is often the
case with older museum and archive collections. Standardisation work in this are, with respect to
Natural History collections, isrelatively new, the Natural History Museum is currently working to
develop such as system (see Natural History Museum above)

6.2.7 Multimedia

Multimedia provides new challenges for metadata standards development. Multimedia (images, video
and audio) must be indexed in order to be retrieved from a database — e.g. at present thereisno
practical equivalent to ‘free text searching’ for images, and the content of many multimedia esp.
moving imagesis very rich indeed, describing that richness is potentially very complex. Every facet
of an image that would usefully be a search criterion must therefore be detailed in metadata
vocabulary. For example the query ‘show me all the images of sea gullsthat are diving in flight’ is
only meaningful if images have been indexed under to concepts of species and the specific behaviour.
However various technologies are devel oping using content-based image retrieval and concept
extraction techniques.

Some specific examples of descriptive metadata standards include those developed by multimedia
related biodiversity projects and the wildlife media industry. Biolmage's (see section 4.1 above) work
to develop Ontologies to describe animal behaviours, the TELCLASS system used by the BBC
Natural History Unit to index its content. used to index their video footage and the ARKive project’s
(see section 4.1 above) indexing system to describe species behaviours and appearance are the only
examplesin this area.

There are many formats and metadata standards for describing the technical and basic administrative
aspects of multimedia (e.g. the MPEG standards®”) which provide technical and administrative
interoperability.

6.2.8 Education

There seem to be no standards specific to biodiversity or environmenta issues within the education
sector. However the generic standards that are being devel oped to enable effective interoperation of
education information and teaching and learning systems, are likely to have a significant impact on

1% http: //www.nhm.ac.uk/science/rco/enhsin /

199 http: //www.itis.usda.gov/

200 http: //sis.agr.gc.ca/plslitisca/taxaget?p_ifx=aafc

201 http: //mwww.conabio.gob.mx/remib_ingles/doctos/acerca_remib_ing.html
292 http: //speciesanal yst.net/

203 http: //mmww.chah.gov.au/avh/

204 hitp://www.bgbm.fu-berlin.de/ TDWG/CODATA/Schema/default.htm

25 hitp://www.biocase.org/

26 http://tsadev.speci esanalyst.net/documentation/ow.asp?DarwinCoreV/ 2

207 http://www.chiariglione.org/mpeg/
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those organisation who provide educationa content or services within the biodiversity or
environmental sector.

The key (e-learning) standards related to those providing educational content or services are related to
how they are described using educationa metadata standards, and how they are ‘ packaged’ to allow
them to be located, accessed and utilised by Virtual Learning Environments™® (VLEs). VLEs that are
increasingly becoming a [the] major means of providing access to el ectronic resources within
education.

There are many standards bodies involved in the development of education metadata and other
standards. The mostly widely used in the UK are: at the school level those related to Key
governmental initiatives such as the National Curriculum Onling™ and the NGfL*° (National Grid
for Learning). And at the Further and Higher Education (FE and HE) level based around those
developed by IMS™. Government policy in these areas is developing rapidly and useful information
can be found via the DFES? (Department for Education and Skills), BECTa™* (British Educational &
Communications Technology Agency) and JSC?* (Joint Information Systems Council).

6.2.9 Legislation and Conventions

While legidation is relevant to a number of projects. For example those related to conservation and
businesses. We were unable to fine evidence of the use of a‘metadatal standard for describing
legidlation — or sub-sections or components there of .

6.2.10 Query

Issues raised in a number of projectsis that querying and developing standards for querying of natural
history or biodiversity data sources. At present the dominant protocol with respect to museum
collection, library and species observation datais z39.50. A developing standard is DiGIR?®
developed in parallel with Species Analysis (see above) and is being investigated by a number of
organizations as a viable solution for query protocols, including, the Global Biodiversity Information
Facility (GBIF) and the European Network for Biodiversity Information (ENBI) — see section 4.1
above.

6.2.11 Software

The implementation of standards is often closely tied to software within a specific context e.g.
MODES and SPECTRUM in the museum sector, GIS formats in geographic data, and Recorder2000
in the case of species observation. Traditionally software devel opers and vendors have tended to use
bespoke formats in order to bind the standard to their software, in what are often very niche markets.
More recently open standards and more collaborative approaches have lead to more interoperable
formats. However the path to such interoperability is not aways smooth. For example, in the case of
species observation, arange of recording software exists:

Aditsite™
Mapmate”™’
BioBase
Recorder 2000”®

While there may be broad agreement that open data exchange is a good thing in general, in this
particular situation there have been significant disagreements between two of the main sets of
developers, Recorder and MapMate. In fact at present we understand that the company that produces

208 hitp://ferl.becta.org.uk/display.cfm?page=248
209 \www.nc.uk.net/ and http://www.nc.uk.net/metadata
210 http:/www.ngfl.gov.uk/

21 \www.imsproject.org/

22 \www. df es.gov.uk/

213 \www.becta.org.uk/

214 www.jisc.ac.uk/

215 hitp://speciesanalyst.net/docs/digir/index.html
216 hitp://www.adit.co.uk/html/aditsite.html

27 \www.mapmate.co.uk

218 \wwww.nbn.org.uk
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Mapmate have removed the ‘ patch’ to MapMate that was devel oped to allow two-way, automated and
seamless data exchange between MapMate and Recorder 2000. The impacts of such disagreements
can be significant in relation to the development of interoperability, especialy as the vast majority of
users are not likely to be in a position to understand the implications in such situations.
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7.  Approachesto Interoperation

This section very briefly summarises the approaches to devel oping interoperable information systems
inthe field of biodiversity and wildlife related data.

In nearly al cases the context for interoperation (cross searching, transfer of data between systems) is
that of joining existing distributed data. Thisis/can be done in a small number of ways depending on
the nature of the data and systems™®:

1. Distributed systems that used common standards so require no additional harmonisation in
order to interoperate.

2. A ‘wrapper’ based approach where the distributed data is heterogeneous. In which the datais
converted/trandated from the particular native format and schema into a intermediate format
and schema (generally XML based) which is then used cross search or data transfer, using a
wrapper to convert from the intermediate format/schema to the new native format/schema.
Thisis the approach taken by BioCASE above.

3. A centrdised system where the distributed datais ported into a single centrally maintained
repository.

4. Heterogeneous systems that are never standardised, but where they are harmonised in some
way via athesaurus-like service.

This digtinction is helpful in understanding the potentia approaches that can be used when integrating
any given set of data sources.

8. An Information Ecology

As this survey was conducted the concept of ‘information ecology’ became a compelling analogy
with the flow of information and complex interactions of organisations, projects, individuals and data
of al types. The concept islong standing see for example, ‘ Information Ecology: Mastering the
Information and Knowledge Environment’ by Thomas H. Davenport and Laurence Prusak and
‘Information Ecologies: Using Technology with Heart’, by Nardi and O'Day. The analogy is an
interesting one in the context of very wide scale and diverse information flow, integration and
exploitation across many contexts.

While it was not possible in the timeframe of this survey to investigate the application of the analogy
to describe the systems under review. The author wishes to highlight the potential of deeper
investigation in this area.

29 The author would like to thank Mark Jackson, of the Royal Botanic Gardens at Kew for suggesting thisway of categorising the
approaches.
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0. Summary of Issuesand Problems

This section details the key issues and problems with respect to access, interoperability and sharing of
information within the biodiversity, wildlife and environment sectors, identified as part of the survey.
At ahigh leve it is possible to divide the issues into are three broad categories related to the
organisations and communities:

1. Internal organisational interoperability and sharing of data: e.g. integration and sharing
of datainternal to organisations e.g. integration of existing legacy databases.

2. Intra-community interoperability: Integration and sharing of data across a community of
interest e.g. integration of access to existing content be it electronic documents, web data or
legacy databases.

3. Inter-community interoperability: Integration and sharing of data across a range of
community of interest, which may be more or less related e.g. species observation datasets
from communities focused on different species (relatively tight semantic relation) or
biological and geological or archaeological data (relatively less tightly related)

These are not exclusive e.g. it is not uncommon within even relatively small organisations to have
different communities of interest with sub-communities themselves. Within these categories there
seem to be a set of relatively generic set of issues at al levels:

A. Providing easy integration and sharing of legacy data & systems migration: Legacy data
both paper based and electronic pose a common problem across a wide range of areas of
activity and contexts. (e.g. in museum collection data, historical species observations,
environmental data, library catalogues, image collection metadata...) Asthe conversion of
paper-based data to electronic format is beyond the scope of this survey, only the issues of
access and integration of legacy electronic datais discussed here.

As discussed above there are many valuable databases with in organisations that are held in
old formats, or/and created with outdated software and/or running on redundant hardware.
This means that they cannot easily be integrated or easily cross searched with other related
databases. There are alarge number of issuesinvolved in individua cases, acommon set of
issues include:

1. dataand metadata are often of highly variable quality even across a single database and
data modelling may have been far from ideal. This makes conversion avery intensive and
expensive process, asin genera arelatively skilled person is required to do the
conversion where problematic cases occur, and at a minimum to conduct quality control
procedures.

2. legacy data schemas are often very heterogeneous even within a application area e.g.
different specialist research library databases within an organisation, or specimen
collection databases within a museum. This makes conversion to new schemas, merging
or cross searching problematic for a number of reasons, e.g.

0 when attempting to merge or convert datato a new schema, it is likely that some
data elements (data base fields) will not be common (i.e. one database has an
element for preservation medium of a museum specimen, while another does
not), meaning that if a simple merging of elementsis attempted, then the
respective element will be empty where in the collection that element did not
exist. Thus making the effective cross searching on those elementsimpossible or
meaningless. Such mismatches should be signalled to users, who might otherwise
expect that they are genuinely cross-searching the collections. Which might lead
for example, to mideading and erroneous interpretations of the data. Asone
interviewee noted in the context of species observation ‘ absence of evidence does
not imply evidence of absence'.

0 When attempting to convert to a new ‘standard’ schema, there may be some (or
many) elements (database fields) and vocabularies in the old schemathat have no
one to one mappings with the new element and vocabularies. Thisis particularly
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the case where an old uncontrolled vocabulary is being mapped onto a new
controlled vocabulary. In this caseit is very likely that significant pieces of
information and associated semantic content will be lost.

3. Inmany casesfor scientific and heritage reasonsit is often high desirable that the original
data should be kept ‘verbatim’ and made available in parallel with the newly converted
version —thisis especialy the case in situations discussed in 2. above. If thisdataisto be
held within the new database using the new data mode, it would require that the new
database mode is extended to accommodate the old schemas. This might be the case for
every new collection to be integrated, quickly making the data model massively complex.

B. Provision of reliable unique identifiersfor ‘objects and ‘properties’ of objects of various
types (e.g. individual computer files or data (images, text, observation data), species,
geographic locations, individual people, species behaviours, etc.) discussed abovein the case
of uniquely identifying a species. Thisis often vital for scientific, historical and many other
reasons. Thisis because it is hecessary to ensure that when integrating or sharing data that we
are certain that we are talking about the same ‘object’ or property of that object. It is equally
important in the case of the semantics behind a descriptive term or conceptual relations
between objects. If the integrity of these is not robust within a system the data may be
integrated in ways that at best lack scientific validity and are at worse meaningless.

C. Integration of heterogeneous biodiver sity/wildlife related data sets: This covers two cases
1) the integration of data that essentially similar in nature (e.g. species observation data) but
from different data sources and 2) data that is strongly [semantically] related but of a different
type (e.g. textual description of the appearance of a species and visud images of it.). Thisis
one of the most active areas with many of the projects described above working to integrate
data at thislevel.

D. Linking biodiversity/wildlifeto other data with little [semantic] overlap: e.g. travel routes
and timetables to nature reserve data, or biodiversity information resources and how they can
link (be used to support) teaching and learning in a school [or National] curriculum, species
observation data (recent and historical) related to one location and geological and/or biotype
data and/or climate data, and/or news items etc... for the same location.

Thiskind of integration is valuable to many communities of interest, genera public, teachers
and learners, cross-disciplinary research projects (e.g. those evaluating potential causes and
impacts of global warming), etc.

Location and species centric data integration is under-devel opment e.g. the MAGIC and NBN
projectsin the UK (see above). However large-scale integration of datasets with small but
significant semantic overlap isin general minimal outside the domains of high scientific or
political activity.

E. Multimedia indexing: The cases of ARKive and Biolmage illustrate the particular problems
of projects providing access to and indexing of multimedia data. Multimedia objects and
specifically time-based media (e.g. animations, film, audio) require explicit and
comprehensive indexing — this is because unlike text documents, at present, visual and
auditory media are not self-describing in the way that text documents are. The necessary
indexing includes the indexing of segments both tempora and physical. The time based
nature means that it is often impractica (e.g. in the case of hours of video) to physically scan
sets of objectsin the way that can be done with relative ease with still images.

F. Quality control/monitoring of data—in many casesit is valuable to aggregate data (e.g. all
data related to a specific location), however it is necessary for many purposes (e.g. almost any
scientific analysis) to understand the ‘ quality’ of the data, (e.g. how it was collected or
created, when, by whom, and many other contextua pieces of data) and thus likely validity
and errors. Capturing and representing this contextual and provenance datain electronic from
isamajor issue as is developing standards to alow systems to use this interoperably.

G. Tracking provenance, thisis part of F above. The tracking of provenance of information
from original source (e.g. species observation), through data aggregation from multiple
sources (e.g. aggregated species observations) to eventua point of use (e.g. governmental
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policy making) where validity and reliability of data are important issues and problematic
issues where awide range of heterogeneous data is being bought together.

H. Keeping data up-to-date. In many applications (e.g. scientific research, conservation
planning, policy development, ...) knowing that datais up-to-date is as critical as quality
control (E above) and provenance (F above). At aminimum level it is necessary to have
metadata relating to how up-to-date the data and metadata are.

I. Customising views of the data. In many cases data may be valuable to many different
groups of users (e.g. species population data on a nature reserve may be useful to research
scientists, school children and leisure visitors), however the needs of each group islikely to
vary, e.g. aresearch scientist may want to download the raw data for the last 10 years, while a
casual visitor only wish to see alist of speciesthat are likely to be found on the site,
combined with other basic information about it. In this case an interface designed to meet the
needs of each would probably be very difficult to use for the other group. The ability to reuse
data to provide views/interfaces for various groups of usersis often necessary.

J.  Enabling usersfrom different specialist communitiesto locate resour ces. When searching
for information different communities tend to search using different terms (e.g. using the
example of schoal children and scientists from | above, young children are likely to use very
genera terms to search for information on a species — possibly even something like ‘yellow
bird' - while scientists are likely to use highly technica language). Systems need to be able to
provide effective searching and browsing interfaces for different user groups, if their needs
are to be met effectively.

K. ldentification of expertsor relevant organisations or sources of data related to a
particular ‘thing’ (place, species, concept...). In nearly al areas of activity it ssemsto be
necessary at times to find and access information about where to obtain ‘expert’ guidance.
Thismay be in relation to a specific species or nature reserve or a particular experimental
procedure... thisis a generic problem and occurs at nearly dl levels from background
research for schools projects to the most cutting edge of scientific research to policy making.

It isalso the case that it there are 1000 s of projects and initiatives across the world that are
developing electronic databases of all kinds of data related to biodiversity/wildlife. At present
there is no single integrated database or directory where it is possible to find out about these
projects, thisis a serious gap in information provision and is likely to lead to duplication of
effort and quite possibly competing standards in different countries or regions.

L. Resolving or representing conflicting data. Where data is combined it is often the case that
duplicate datawill be found. There must be monitoring and resolution systems and processes
to identify and deal with such cases.

M. Provision of information softwaretools: A very common issueis that of providing tools to
all classes of usersto design, create, develop and use information and information systems.

1. Designers and developers of information systems require tools to help them develop
applications using their chosen technologies for implementing a data model (e.g.
relational databases, XML or RDF), protocols for sharing data (e.g. SOAP, Z239.50)

2. Those entering and maintaining data require tools to assist them in their activity, e.g. for
data entry providing access to controlled vocabularies, validation of data and when
maintaining data, effective access to the administrative metadata related to items.

3. End users require appropriate interfaces as discussed in J above.

N. Copyright & IPR issues: Thisisavery significant and wide-ranging set of issues and
problems. Specific issues include ensuring any copyright obligations (under
contracts/licences) are met (e.g. restricting access to digitised data or metadata to only
allowed users) such conditions may be complex even within one dataset with different
conditions on different pieces of data (and their associated metadata). Capturing and
representing these complex restrictions as part of the system and data model or negotiating to
create simple (ideally standard) restrictions both take significant efforts.

O. Knowledge representation and abstract data modelling — the development of abstract data
models (that will be implemented using a particular technology) in an environment where
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datais to be shared and integrated with other systems is problematic often requiring very
difficult modelling decisions and compromises on the part of one system to ensure
interoperability with another. Identifying the best (i.e. optimal) decision in any particular
interoperability context appears to be an area where thereis still much to be learnt.

One correspondent commenting on issues and difficulties involved in the development and
imposition of community wide ‘ standards', concluded that “ There is no single solution to this
problem [i.e. getting users to contribute data and making this data available publicly] and
hence no standard could be applied - at best only a loose framework.”

P. Repatriation of data - broadly speaking repatriation in this context means ensuring that data
captured in one location (e.g. country or world region) is made available to scientists and
conservationists within that country or region to support their activities] — As noted in section
4.1 above, repatriation of datais a serious conservation and political issue at present.
Providing data in appropriate forms for use in the relevant countries or regionsis vitdly
important. In principle the Internet makes the sharing of data far more easy and effective, as
access can be provided directly to primary, processed and interpreted data via the network.
However many issues remain to be resolved with in specific cases, e.g. exactly what formats,
tool sets etc... are required what aternatives to Web-based are required, what support for the
use of the data should be provided etc...

Q. Sugtainability — An issue that arose in nearly al interviews conducted as part of the interview
survey was that of ensuring sustainability of data integration projects. This concern arises
from the very common situation that many such projects are funded as single pieces of work
on the basis that funding will develop the infrastructure and get the project started often asa
research project. However in genera such sources of funding are not long term and will not
cover on-going maintenance or development costs of the actua system once built. Even
where ongoing funding isinitidly available many projects are susceptible to changesin
economic climate and organisational or governmental priorities and politics.

One participant noted that it is useful to divide ‘users or ‘stakeholders involved in data
integration projects into 3 distinct groups. 1) customers — who want the benefit and are
willing to pay for the system/service. 2) the stakeholders — who may provide data, expertise or
other support but who may not pay for the system and 3) end users who actually use the data.
There may or may not be overlap between these groups.

In the context of sustainability such adistinction is useful, in that it highlights that just
because there are a significant group of stakeholders and end users (as defined here), it does
not follow that sustainable funding will be forthcoming — thisis particularly the case within
the biodiversity/wildlife sector since so many end users and stakeholders (e.g. research
institutes, conservation organisations, educational establishments, genera public) are largely
from the voluntary and governmental sectors and themselves rely on funding from external
organisations to conduct their work. The funding of ‘extra on-going costs to support data
integration services that may useful but not absolutely vital to their work is often ssimply not
an option, given their own funding restrictions. Thusin many cases commercial funding and
business models, are not appropriate or viable.

The most robust projects are those that related to the core business of the ultimate funding
agencies [ customers'] e.g. assisting with ensuring compliance with nationa or international
legidation, implementation of policy initiatives, providing a vital service to research or other
communities.

Theimplications of this situation on projects are significant, the ideal is that technical
architectures are devel oped that once created and populated with data and metadata are very
low cost and robust with regard to maintenance.

Thislist is by no means comprehensive and other major issues may be seen by othersto be more
important. However isit hoped that it gives an overall impression of the flavour of the wide range of
issues and problems that are still under active investigation in the sector.
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10. Potential Application Areasfor Semantic Web Technologies and
Semantic Community Portal Demonstrator in Particular

Semantic Web technologies have in principle; agreat deal to offer in providing elements of solutions
to the problems identified in the previous section. This is because the premises on which the Semantic
Web was devel oped are reflected in the under lying issues e.g. that the Web is a heterogeneous source
of data and that there is very significant value in providing automatic means of making semantically
meaningful links between diverse and distributed datasets.

In principle the Semantic Web architecture allows sources developed by different communities to be
‘joined’, integrated and shared by others. This is the context to the Semantic Community Portal
demonstrator project for which this report was conducted:

“ The notion of semantic portalsisthat a collection of resourcesisindexed using arich
domain ontology (as opposed to, say, a flat keyword list). A portal provides search and
navigation of the underlying resources by exploiting the structure of this domain ontology.
There may be an indirect mapping between the navigation view provided by the access portal
and the domain semantics - the portal may be reorganized to suit different user needs while
the domain indexes remain stable and reusable. ..

We used the qualifier community in the description of this demonstrator for several reasons.
Firstly, we are particularly concerned with applications where some external community is
cooperating to devel op the semantic indexing - both developing the ontology itself and the
categorization of the resources. Secondly, we are looking at applications where in fact
several communities with different interests in the same underlying resource set need different
but overlapping categorizations. This combination enables us to emphasize the web
connectedness of the ontologies and indexed resources and gives us an opportunity to explore
the ontology development, reuse and mapping issues raised by the semantic web.”

Taking the issues, problems and the details of the projects and initiatives dready under development
in the domain of biodiversity and wildlife information - the following potential areas of application
were identified for the SWAD-E Semantic Community Portal demonstrator.

1. Legacy Data: the easy and semantically meaningful integration of legacy (electronic) data,
seems to be a very strong area of need across the whole sector. One potential application
might therefore be attempting to use Semantic Web approaches and technologies (e.g. OWL
(Web Ontology Language) to provide a mapping between legacy data sets and provide
customised community views on the collective datasets.

This could be attempted at different levels 1) by generating very detailed mappings using
complex ontological relationships to deal with areas where simple one-to-one mappings are
insufficient, 2) by developing asimplified, relatively ‘quick and dirty’ but useful set of
mappings not attempting to deal with the most problematic areas. 2) is possibly the most
practical in the current context. The potential value hereis derived from the fact that
significant value might be gained by such a‘quick and dirty’ approach, allowing a degree of
meaningful integration of data for relatively small and thus [importantly] affordable effort.

2. Largescaledataintegration of heterogeneous but strongly semantically related data:
Projects such as NBN and BioCASE, have very similar goas to Semantic Web based
architectures and projectsi.e. the integration and interoperation of heterogeneous but
semantically related information distributed across a large number of [Web-based or
accessible] databases. At present such projects tend to use relational database techniques, with
the necessary limitations, e.g. difficulty in integration of new data sources. It would be avery
valuable and interesting activity to experiment with aternative, Semantic Web based
architecture(s) for NBN or BioCASE type datasets.

For example to attempt to integrate data to produce a Community Portal; focused on
providing a ‘ species focused view’ on data sets by dynamically generating ‘ species pages by
merging multiple data sources from species observation, multimedia, nature reserves, etc...
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3. Largescaledataintegration of heterogeneous and weakly semantically related data
(richer integration): This application is similar but more diverse [from a Semantic Web
point of view] that the last example (2 above). For example a) integrating species, nature
reserve and transport system information — as discussed in Appendix A below or b) providing
joined up or ‘recontextualised’ views of museum specimens, drawing together the existing
data on the specimen (exhibit) itself but integrating it with other contextual data e.g. details of
the biology, distribution, behaviours, artwork, historical documents etc... related to the
species and the particular specimen. This latter example similar to work of the MesMuses
Project?®.

4. Providing Different Views on Same [singl€] data source: An aternative to providing
integrated access to multiple heterogeneous data sources is to provide customised, community
of interest focused views on a single data collection. For example in the case of ARKive, they
have identified that different groups of users require different types, levels and presentations
of data.

A particular issueis that different communities used different terms or vocabularies to
describe the collection content, depending on their context and perspective. For example, in
the case of ARKive, amateur naturalists [probably using technical language related to species,
habitats, animal behaviours etc...] and teachers [probably using technical language from the
school curriculum for their subject]. It would be possible to use Semantic Web approaches
and technol ogies to map between these vocabularies and/or alow members of specidist
communities to augment/annotate the collection data using their own community

vocabularies. This would required the development of community vocabularies, tools and
interfaces to support such activity.

5. Developing a ‘directory of organisations’, projects, initiatives: As noted a number of times
in this report, at present there is no comprehensive centralised ‘ directory’ of organisations,
projects and initiatives related to biodiversity/wildlife in the UK. Such a source of data would
provide many benefits to many ‘communities of userse.g.

a. Genera public (e.g. seeking information about wildlife/biodiversity or environmental
topics, locations, species etc.)

b. Educationalists and Students (e.g. developing teaching and learning materias in these
and related areas or wising to find teaching and learning material's, resources and
information)

c. Academic researches (e.g. seeking specialist organisations, contacts or partners as
part of their research activities...)

However the development of such a directory using traditional means (e.g. a central research
team collecting and collating the data) would be a major undertaking and on-going
maintenance would be a major commitment.

Semantic Web approaches and technol ogies could be used to devel op such a directory using a
smple data harvesting approach similar to that used by the Friend Of A Friend project
(FOAF?), in which members of the directory publish their own data on their Web Sites, this
is then harvested, validated and published. The data provided could range from a basic
minimum (e.g. name of organisation, contact details and description) to much more
comprehensive (e.g. including areas of work, publications, relationships with other
organisations etc.).

Such an approach is, in principle, both more tractable and maintainable than the traditional
approach. It would also alow the publication of customised views e.g. organisations that
work in a particular geographic or topic area and allow easy integration with other Semantic
Web data.

6. Generic Models of Information Ecologies: Asan integral part of the research for this survey
it quickly because clear that the concept or analogy of ‘information ecology’ was arich and

220 hitp://galileo.imss firenze.it/mesmuses/gal luzzi .html
2L hitp:/www.foaf-project.org/
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valuable way to view the flows of information across the organisations, projects and
initiatives that were reviewed. Many concepts from natural ecologies seemed to map well
onto the ‘information ecologies' that were part of biodiversity/wildlife information in the UK,
e.g. the concepts of producers and consumers of pieces of information, trophic levels,
different roles and ‘ecological niches of organisations and individuals within the ‘ecology’ ...

While the concept is widely known and has been applied in a high level conceptua sense (see
for example %), it was not possible (in a short time) to identify any research that attempted to
develop aformal and generalised model of an information ecology. It is possible that such a
model would provide a very significant improvement in understanding the nature of the
production, flow, use and re-use of information around what can be thought of as various
levels of aglobal information ecology (or economy).

In Semantic Web terms such aformal model could be developed as an ontology providing a
means for describing information related activity and flows etc... across multiple domains.

7. Global Data, Schema and Ontology Registry for Biodiver sity/Wildlife information: One
element of the proposed GBIF (see above) development is the creation of metadata schema
registry. It seems likely that Semantic Web approaches and architectures could provide a
highly effective means of developing the large-scale infrastructure required for a Global
biodiversity data, metadata and ontology registry as well as the ability to cross search the data
itself.

It certainly seems likely that it would be valuable to conduct some small-scale experiments or
proof of concept projects to evaluate the potential for such a system more fully.

222 Davenport, Thomas H. and Prusak, Laurence. (1997) Information Ecology: Mastering the Information and K nowledge Environment,
Oxford University Press and Nardi, Bonnie. and O'Day, Vicki. (1999) Information Ecologies: Using Technology with Heart MIT Press.
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11. Conclusion/Postscript

The overdl aim of this survey work, wasto help gain an overview of the key issues related to the
creation, aggregation and use of wildlife/biodiversity related information and services. Thiswasin
relation to our primary goa and context of identifying key issues, problems and potential areas of
application, for Semantic Web technologiesin relation to Community Portals. In particular the focus
was on identifying potential candidate problems, datasets and communities for the SWAD-Europe
Semantic Community Portal demonstrator (see section 2 above). This report summaries the findings
of the survey — which has provided the necessary overview, and highlighted many issues, problems
and potential areas of application.

The findings indicate that within the biodiversity, wildlife and more broadly environment sectors,
there are many significant issues with respect to sharing and interoperability of data, across a very
large number of types of activity, types of data, and by many different types of developer and user. In
that context there appear to be many areas where the use of Semantic Web approaches and
technologies might significantly enhance capability and ease of development of solutions (see section
10 above).

Following the survey work in June 2003, we worked to identify a single application area, problem and
relevant communities for the SWAD-E Community Portal Demonstrator. After considering a number
of the options bout from this report and others, we finally decided to focus on the * Organisational
Directory’ application area noted in section 10 above. Theinitial specification for the demonstrator is
detailed in Reynolds and Shabajee, 2003°%,

223 Reynolds, Dave. and Shabajee, Paul. (2003) SWAD-Europe deliverable 12.1.5: Semantic Portals - Requirements Specification, available
online: http://www.w3.0rg/2001/sw/Europe/reports/requirements demo 2/
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12.  Appendix: SWARA Project Background Information

12.1 SWARA
(See below for an explanation of the term * Semantic Web' and Community Web Portal)

The SWARA (Semantic Web And Repurposing Applications) Project is focused on investigating how to
support and enhance access to Web-based information sources and ‘ services, for example. on-line
notification of events and route finding, for members of communities. Members of the communities
might be people with common interests for example, academics from a particular discipline, members of
awork based team, birdwatchers, or science educators or students.

The project is based at the Ingtitute for Learning and Research Technology (ILRT -
http://www.ilrt.bristol.ac.uk/), University of Bristol, and is funded by Hewlett Packard Labs
(http://www.hpl.hp.com/). The project is being conducted in order to support a European Union funded
research project, called SWAD-Europe (Semantic Web Advanced Development -
http://www.w3.0rg/2001/sw/Europe/)

Part of the work of the project is to study how Semantic Web approaches can help make the
development of Community Portals (see below) both smpler and more effective. We have decided that
it would be valuable and interesting to focus on communities of interested in Wildlife and Biodiversity
because of our previous involvement with the ARKive project (http://www.arkive.org.uk/) - alarge
multimedia database focused on providing information related to endangered and rare species and their
habitats. In particular through the ARKive-ERA project (http://www.ilrt.bris.ac.uk/projects/) and HP
Labs ARKive project (http://www.hpl.hp.com/arkive).

There are a number of organisations already developing ‘portals for information and in some cases
services focused on wildlife and biodiversity, and we are keen to work with and learn from these
organisations.

12.2 Community Web Portals
One of the main foci of the SWARA project is the development of ‘Web portals' that is:
“ A web site that aims to be an entry point to the World-Wide Web, typically offering a search
engine and/or links to useful pages, and possibly news or other services...”
FOLDOC (http://wombat.doc.ic.ac.uk/foldoc/)

Basically aWeb Portal collects information relevant and or servicesto a user, and will often provide
personalised and customisable views of these. The best known of these are the likes of MyMSN
(http://my.msn.com/) and MyY ahoo (http://my.msn.com/).

The terms Portal and Gateway are often used synonymously, however others make a distinction. A
gateway providing links to external information and Web sites, and a portal actualy brining together the
information and displaysit viaasingle or small set of Web pages.

A Community Portal or Gateway is a portal that is focused on a‘community’ of users with acommon
interest which might range from a particular type of car, to a soap opera on the radio, to a particular type
of wildlife habitat or species. There are many examples from Wildlife and Environmental topic area,
some illustrative examples include:

The Nationa Biodiversity Network Gateway - http://www.searchnbn.net/

Enviro-Link - http://mwww.envirolink.org/

Enature.com - http://www.enature.com/

CornishWildlife - Nature conservation in Cornwall -
http://groups.yahoo.com/group/CornishWildlife/links




The Semantic Web — a non-technical int

roduction:

The term Semantic Web may be new to you. This concept, while relatively simple, is difficult to
explain succinctly without providing some extra background. The easiest way to explain it, is with an

illustration of what it is about.

| livein Bristol; there are many local nature reserves and our local Wildlife Trust has a good Web site,
which provides information about their nature reserves e.g.
http://www.avonwildlifetrust.org.uk/level 1/reserves/ashton_court.htm

A person reading this page can gain a great
deal of information about the reserve, eg.
grid reference, how to get there, disability
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access details, wildlife and conservation
related issues and a photograph of one of the
most interesting plants on the reserve.

However to a computer, thisinformation is
simply series of alphabetic characters and a
picture of ‘something’.

In the case of the ‘ Access’ text the computer

receives. /
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<p>Access for disabled people along edge.</p>

ThisisHTML (HyperText Markup Language — the standard way of writing Web pages). The Web

browsers, that we use to view Web pages, know t

hat these are instructions about how to display the

page content. They mean: start a new paragraph, show the characters ‘A, ¢, ¢, e, s, s, in the browser, in
the font style ‘Verdana, if that isn't available on this computer, then use the font style *Arid’, etc....

There are many more ingtructions to tell the Web
information on the page.

browser how to display the remainder of the

However thereis nothing to tell the computer what it is about. The computer has no way of being able
to distinguish between the text about Access and the conservation information, or what the characters
‘A ccess meaninany case — computers (asyet) are not ‘intelligent’ in the sense that they cannot

know what something means.

Now suppose that a member of the public wantst

o find up-to-date information about the location of

all local nature reserves managed by various organisations, in a particular area, that are accessible to

wheelchair users. It would be useful to be able to

go to aWeb ‘search engine’ (e.g. Google or

AskJeeves) and find the names, location, contact telephone numbers and organisation responsible for
the reserves. It islikely that such information is already available on the Web sites of the various
conservation organisations, however finding the relevant pages and extracting the relevant information

is difficult for the computer to do automaticaly.

It is helpful to think of the Web search engine in this example as an intermediary or software agent,
between the user and the billions of pages of information on the Web. In this case the user instructs the

agent to go and collect information from the Web
the appropriate details.

and come back, with alist of linksto Web siteswith

At present this kind of query is generaly only successful to avery limited extent (Fig 1) For example,
the word ‘access' is ambiguous and many links relate to rights of way rather than disability access,
entering ‘wheelchair’ as a search term may improve the situation, however disability access ‘policy




documents' are found aswell... Basically search engines [at
present] often return irrelevant results from a query and many
relevant pages are not found — it must be left for the person
making the query to sort out the relevant from the irrelevant.

Thisis because a Web search engine cannot extract the
information from the Web pages in a meaningful fashion e.g. How

would the search engine know for sure, that a page (or part of a
page) is about a nature reserve, what its nameis, its location or
organisation responsible, or that the term *access' is about
wheelchair access and not legal rights of way ‘access
restrictions or work out which is duplicate information? A
computer can't read.

To continue with the example above, it would be even more
helpful if the agent could extract the information from each of
the pages located, and processiit, to create a single page with a
table containing all relevant details, hence saving the user the
relatively tiresome yet necessary task of doing this (Fig 2).
Perhaps even alowing the user to do a follow-up query, of the
form ‘from thislist, show me those reserves that have public
transport routes from my home to the reserve, with appropriate
wheelchair access.”... and even check that the various bus and
trains timetables and that they are actually running today (Fig 3)

These last steps may seem like a step into fantasy. However in
principleit is very likely that the train and bus timetables (if not
wheelchair access) are available viathe Web, and could, in
principle, be brought together using some kind of computer
program or agent — much like route finding websites do already,
e.g. Network rail and London Underground.

The step required to bring about this kind of integration is that
information accessible through the Web (e.g. Web pages and
travel timetables) iswritten in away that gives the software
agents, the ability to ‘know’ what the information on a Web
page or other Web accessible information (e.g. timetable
databases) is about, e.g. nature reserves, locations, wheelchair
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Fig 1 — Search Engine (software agent)
Even a good search engine produces lots
of irrelevant links
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Fig 2 - Example of potential table output
from a Semantic Web-based agent
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Fig 3 - Example of relevant travel
information using the Semantic Web-based
agent

access, bus routes, timetables etc... and therefore what it can do with it.

The Semantic Web initiative aims to provide an open, standardised and simple-to-use means of
representing this kind of information. It is a text-based format called Resource Description Framework
(RDF) — it isto the Semantic Web what HTML isto the Web. The text based nature of the format
means that it can be embedded in Web pages (much as authors of Web pages currently enter hidden
comments now) and/or used to create Web-based databases, for example the dataheld in train

timetables, which can be linked to other related data on the Web.

If all producers of Web-based information and services use this format to represent or enhance their
data, it will in principle be possible to provide the kind of searches and use of services, described

above.

If you wish to know more about the Semantic Web, here are some sources of further information:

The Semantic Web Vision by the HP-Labs Semantic Web Research team,

http://mwww.hpl .hp.com/semweb/sw-vision.htm
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Semantic Web Homepage at W3C (the agency that defines many of the technical standards for
the Web) http://www.w3.0rg/2001/sw/

The Semantic Web: A new form of Web content that is meaningful to computers will unleash
arevolution of new possibilities by Tim Berners-Lee, Scientific American, May 2001 issue.
http://www.sciam.com/article.cfm?articlel D=00048144-10D2-1C70-84A 9809EC588EF21
The Semantic Web a diagram by Semaview, http://www.semaview.com/c/SW.html

If you have any queries about the SWARA project, please contact:

Paul Shabajee

Research Fellow

Institute for Learning and Research Technology
University of Bristol

8-10 Berkeley Square

Bristol BS8 1HH, UK

Tel: 0117 928 7185

e-mail: paul.shabajee@bristol.ac.uk

web: http://www.ilrt.bris.ac.uk/projects/project?search=SWARA

http://mail.ilrt.bris.ac.uk/~edxps/
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