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way to creating the "invisible magic" needed 
to locate and track data for precisely the right 
organism in desktop biodiversity systems on 
the Internet. 

Robots and knowledge integration. The 
MultiFlora system (30) being developed at 
the University of Manchester and the Natural 
History Museum, London, uses Information 
Extraction (IE) to seek information on the 
same species from parallel unstructured text 
resources. Information from the various 
sources discovered is then returned, using 
XML, and assembled into a single database, 
with some interesting features for handling 
variable and conflicting data. The idea is that 
redundancies between sources may allow the 
system to create accurate databases despite 
some of the shortcomings of IE techniques. 

A further biodiversity analytical system is 
in development at the Natural History Muse- 
um, London. The WORLDMAP system (31) 
can be used with distribution data sets to plot 
measured species biodiversity distribution 
patterns and to highlight hotspots and areas of 
endemicity. Of interest is the array of biodi- 
versity measures provided, including the 
much debated taxic measures that incorporate 
distances over the phylogeny. 

Startling as all these developments may 
be, they might just be the tip of an iceberg, 

I 

preceding undreamt-of models in the coming 
century. Certainly there are those who expect 
the Internet, as seen by biologists, to become 
one giant global biodiversity information sys- 
tem. Even biologists who spend a lifetime of 
travel and fieldwork cannot observe the 
whole. But as an abstraction, could global 
biodiversity come to exist, modeled and vi- 
sualized, on the Internet as nowhere else? 
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lnteroperability of Biodiversity Databases: 
Biodiversity lnformation on Every Desktop 
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Data about biodiversity are either scattered in many databases or reside 
on paper or other media not amenable to interactive searching. The Global 
Biodiversity lnformation Facility (CBIF) is a framework for facilitating the 
digitization of biodiversity data and for making interoperable an as-yet- 
unknown number of biodiversity databases that are distributed around the 
globe. In concert with other existing efforts, CBlF will catalyze the com- 
pletion of a Catalog of the Names of Known Organisms and will 
develop search engines to mine the vast quantities of biodiversity data. 
It wil l be an outstanding tool for scientists, natural resource managers, 
and policy-makers. 

Biodiversity is distributed all over the Earth, 
with the highest concentration in tropical re- 
gions, especially in developing countries, and 
in the oceans. In contrast, scientific informa- 
tion about biodiversity is largely concentrated 
in major centers in developed countries, es- 
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pecially in the scientific collections of the 
world's natural history museums, herbaria, 
and microorganismal repositories. At present, 
it is more likely that information on the plants 
of a particular part of Africa is stored in an 
herbarium in Europe, for example, than in its 
source country. Approximately 3 billion speci- 
mens of organisms of all m e s  are held in the -
natural history collections of the world (1). 
Each of these specimens has associated data, 
including, at the minimum, the scientific name 
of the specimen, when and where it was col- 
lected, and by whom. Many specimens also 
have other kinds of associated information, in- 

cluding pointers to other physical samples de- 
rived from the specimen (e.g., frozen tissues, 
DNA extracts, hosts, parasites), photographs, 
recordings of mating calls or other behavior, the 
field notes of the collector(s), and a wide range 
of other data. 

In toto, then, there is an enormous amount 
of information already collected about the 
world's biodiversity. However, to date most 
of this information has not been digitized. 
Thus, in most cases, the only way a potential 
user can find out about the data is to travel 
physically to the place where the specimen is 
housed or to contact the repository where a 
relevant specimen may be housed and ask to 
borrow it (and its associated data). 

The sustainable use and management of 
biodiversity will require that information 
about it be available when and where that 
information is needed by decision-makers 
and scientists alike. Because biodiversity in- 
formation is not immediately at hand, it is 
often not applied in policy or management 
decisions that affect the organisms involved, 
nor is that information readily accessible by 
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research scientists. To remedy this situation, 
a number of activities have been started at 
various places around the world to set up 
biodiversity databases. A quick glance at the 
Biological and Biodiversity Web Server (2) 
reveals a wide range of searchable databases, 
almost all of which are incompatible with 
each other. But it is precisely through link- 
ages among data from different sources and 
on different topics that the greatest rewards 
are likely to be realized. 

As noted by Maurer et al. (3), large so- 
phisticated databases do not just happen; they 
must be carefully planned, with interoperabil- 
ity in mind. However, that does not mean that 
all the data need to be stored in a single 
computer. With only a minimum of metadata 
information about an online database, recent 
browser technology such as extensible mark- 
up language (XML) will allow a user to 
search several databases. An example is 
"Species Analyst" (4), which, with the use of 
XML, can currently search approximately 10 
million specimen records from natural history 
collections located at 13 institutions world- 
wide, pull the information together, and pro- 
duce secondary analyses such as species dis- 
tribution maps and predictive modeling, all in 
real time. A range of other powerful and 
user-friendly applications for the capture, 
management, and sharing of biodiversity data 
are now available, together with tools for 
mining (extracting relevant data), analysis, 
and visualization of biodiversity data [see 
"Links" at (5)]. 

Thus, the situation is ripe for an organized 
attempt to bring the massive amount of biodi- 
versity data located in natural history collec- 
tions to the desktop of any user. This is the 
goal of the Global Biodiversity Information 
Facility (GBIF) (5), a proposed mechanism 
for coordinating and making interoperable 
biodiversity databases that are distributed 
worldwide. Each database will continue to be 
owned and managed by the institution that 
holds the specimens which serve as vouchers 
to verify the database records. GBIF will 
provide a mechanism for database affiliation, 
will promote and enhance the development of 
the standards required for interoperability, 
and will leverage development of various 
specialized search engines for accessing the 
data. 

The formation of GBIF is being overseen 
by an Interim Steering Committee compris- 
ing representatives from at least 25 countries 
(6). An invitation to become involved in the 
establishment and growth of GBIF has re- 
cently been sent to the science ministers of all 
other countries. 

At the heart of GBIF will be a catalog of 

than 100 million species exist in the world 
today (8), so biodiversity scientists still have 
a lot of work to do.) However, many species 
have been named more than once by different 
scientists, and, as our knowledge of species 
has changed over the years, species have 
often been merged together or split into sev- 
eral new species.  his, there are many (per- 
haps three times as many) more scientific 
names than there are valid species. The sci- 
entific community has begun several intema- 
tional projects to sort out the nomenclatural 
confusion that has resulted; examples are 
Species 2000 (9, lo), the International Plant 
Names Index (II), and the Integrated Taxo- 
nomic Information System (12). However, 
each of these projects has taken a different 
approach; one of GBIF's primary goals will 
be to coordinate them and facilitate their 
rapid completion. 

Longer term goals for GBIF are to develop 
both a digital library of biodiversity knowledge 
drawn from information available in print li- 
braries and "Species Bank," a compilation of 
facts about each individual species. 

GBIF cannot accomplish this ambitious 
agenda on its own. Rather, it will join forces 
with existing activities and programs. At the 
national level, these include Mexico's Comi- 
si6n Nacional para el Conocimiento y Uso de la 
Biodiversidad (CONABIO) (13), Costa Rica's 
Institute Nacional de Biodiversidad (INBio) 
(14), and the Australian Biodiversity Informa- 
tion Facility (ABIF) (15). Close connections are 
being developed with the Clearing House 
Mechanism of the Convention on Biological 
Diversity (16) and with DIVERSITAS (1 7), an 
international program of biodiversity science 
that is sponsored by the United Nations Educa- 
tional, Scientific, and Cultural Organization 
(UNESCO) and several of the members of the 

International Council for Science (ICSU). 
In addition, new projects that are explic- 

itly intended to be particular modules within 
GBIF are being developed. One of these is 
the Ocean Biogeographic Information Sys- 
tem (OBIS) (18). Another, in the early stages 
of development, is a series of linked databas- 
es that contain information about the phylo- 

. genetic relationships of organisms. The "Tree 
of Life" project will expand on the current 
"Tree of Life" Web site (19) and will incor- 
porate "TreeBase7' (20) as well as visualiza- 
tion tools and other components. The infor- 
mation-science research needed to bring this 
phylogenetic content to the World Wide Web 
is coming to be called "phyloinformatics." 

GBIF will also foster interoperability of 
biodiversity databases with those in domains 
outside of species biodiversity, such as se- 
quence and other molecular data, geospatial 
and climate data, and ecological and ecosys- 
tems data. These linkages will enable "data 
mining" never before possible, and facilitate 
the exploration of questions that, at present, 
cannot readily be answered. For instance, 
"What is the ecological context (location, 
climate, associated species, etc.) within 
which a particular gene evolved, where can 
specimens of the associated species be found, 
by what other names might those species be 
known, and are any of them (or taxa phylo- 
genetically related to them) represented by 
sequences in GenBank?" 

The target date for establishing GBIF is 
early in 2001. GBIF will be open and freely 
available to anyone with access to the World 
Wide Web. Most of its activities will be 
carried out within member countries, sup- 
ported by their national funding programs. A 
GBIF secretariat will provide a clearinghouse 
for information about past, present, and pro- 

[ Content area responsibilities of GBlF \ /-\ 

GBlF would enable synergism among existing I Data I organizations 
investments that is not possible at present 

the scientific names of the species Fig. 1. An electronic Catalog of the Names of Known Organisms will make linkages among many 
(Fig- About l.8 million have been types of biological and nonbiological databases possible. These linkages will allow data mining that 
given scientific names to date (7). (It is esti- cannot be imagined today because, at present, it is difficult if not impossible to uncover 
mated that anywhere from 3 million to more correlations among different data sets. 
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posed projects; promote interoperability among 
databases by holding standards-setting work- 
shops and developing protocols for linking da- 
tabases; provide coordination for national h d -  
ing programs and search for additional funding 
from international and regional bodies; and fa- 
cilitate practical applications that demonstrate 
the utilitv of biodiversity data for addressing -
critical social concerns. 

GBIF is a grand, interesting experiment in 
creating a global capacity for access to biodi- 
versity data. Its databases will be distributed 
widely; at the same time it will encourage 
cooperation and coherence. It will be global 
in scale, though implemented nationally and 
regionally and will be open to participation 
and benefit by all countries. GBIF will aid in 
advancing scientific research in a host of 
areas, including systematics, conservation bi- 

ology, ecology, agriculture, biomedicine, and 
environmental management. It will serve the 
economic and quality-of-life interests of so- 
ciety and will provide a basis from which our 
knowledge of the natural world can grow 
rapidly and in a manner that avoids duplica- 
tion of effort and expenditure. 
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