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SUMMARY 

 The idea for the Encyclopedia of Life (EOL) is deceptively simple: construct a web site for 
each of the approximately 1.8 million species now known to be present on Earth, and make them all 
accessible through a single portal. Each site will consist of several web pages. The entry page, which 
the user may configure, will present information about the species suitable for the general public and 
contain, for example, the scientific and common names (in several languages) by which the species 
is known and has been known in the past, an illustration, a range map, habitat and natural history, 
conservation status and human uses, and how to identify it. This entry page is much like a good field 
guide.  

The power of the EOL, however, lies in the fact that “species name” is a field in almost 
every biological database, and so can be used to organize and link to virtually the totality of 
biological knowledge. From the entry page, itself dynamically synthesized, users will be able to 
jump to a wide variety of more specialized pages, including ones for taxonomists, molecular 
biologists, geneticists, those working on genomics (and all the other “-omics”), physiologists, 
teachers, horticulturists, phylogeneticists, conservationists, specimen and observational databases, 
etc., etc. As long as the species name is a field in another database, its data will be able to be linked 
into the species site. Biodiversity literature will be available, too, through the EOL’s partnership 
with the Biodiversity Heritage Library (BHL) consortium. As part of the EOL, the BHL will digitize 
the world’s biodiversity literature, and EOL will work with BHL to develop navigational tools to 
easily move around that literature and between the literature and the species pages. 

Demand for biodiversity information by the scientific community, natural resource 
managers, the education sector and the public at large is growing. We believe the time for the EOL 
is right because there has been important progress in recent years in making information available 
and the technology has advanced to a point where this knowledge can be linked together in an 
efficient and cost-effective way. Over the next five years, the EOL aims to (a) generate a million 
species pages, each one of which will be verified by an expert, (b) digitize a large portion of 
biodiversity literature, (c) generate educational materials for students, schools and universities and 
(d) use the EOL resource to generate new synthetic knowledge about the world’s biodiversity. 

This project brings together several of the world’s leading natural history institutions: the 
Smithsonian Institution, the Field Museum, Harvard University, the Marine Biological Laboratory 
and the Biodiversity Heritage Library consortium. Other institutions from across the United States 
and around the world will be invited as collaborators, and links have already been established with 
many relevant efforts already underway.  

The cost for the first five-year phase of the EOL is estimated to be approximately $40 
million, and it is anticipated that sufficient funds to begin implementing the project will be available 
by the middle of 2007. The EOL will be led by a Board of Directors of leaders of the cornerstone 
institutions, an Advisory Committee of distinguished individuals to orient and advocate the project, 
an Institutional Council of other partner organizations and programs key to its realization, and a 
Secretariat to conduct its core activities. In order gain buy-in and involvement from key partners in 
the US and worldwide , the Board of Directors will be convening a series of planning meetings 
during the first half of 2007. These meetings will provide advice in preparing detailed plans and 
milestones for the major components of the project, including the mashup software for producing 
the provisional species sites; a mechanism for involving the community of experts in reviewing and 
certifying the sites; scanning and digitization of the literature: education and outreach activities; and 
a synthesis center to use the resources provided by the EOL to spur new knowledge. 
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A.  CONCEPT 

 In 1979, Joël de Rosnay published a fascinating book called “The Macroscope.” De Rosnay, 

a molecular biologist, systems theorist and futurologist, posited that just as microscopes let us see 

things that are too small for the naked eye to discern, we need to develop macroscopes to discern 

things that are too large for us to see otherwise. This metaphor has been applied to economics, 

astronomy and several other fields. With the Encyclopedia of Life (EOL), we are now proposing to 

construct what will, in essence, become a macroscope for biodiversity and an entry point into 

virtually all of biological knowledge. 

The Encyclopedia of Life (EOL) is an ambitious, even audacious project to organize and 

make available via the Internet virtually all information about life present on Earth. At its heart lies a 

series of web sites—one for each of the approximately 1.8 million known species—that provide the 

entry points to this vast array of knowledge. The entry-point for each site will be a species page 

suitable for the general public, but with several linked pages aimed at more specialized users. The 

sites will sparkle with text and images that will be enticing to everyone, as well as providing deep 

links to specialized knowledge. 

The EOL derives its power from the fact that “species name” is the only field common to 

virtually all biological databases. Thus, using this field it can link together widely disparate 

information, ranging from molecular to ecosystem studies, as well as the literature about them, while 

at the same time being accessible to, and usable by, the general public.  

The EOL will dynamically synthesize biodiversity knowledge about all known species, 

including their taxonomy, geographic distribution, collections, genetics, evolutionary history, 

morphology, behavior, ecological relationships, and importance for human well being, and distribute 

this information through the Internet. It will serve as a primary resource for a wide audience that 
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includes scientists, natural resource managers, conservationists, teachers, and students around the 

world. The EOL's encompassing scope and innovation will have a major global impact in facilitating 

biodiversity research, conservation, and education. 

The need for the EOL is clear as the impact of human activities on biodiversity increases and 

threatens many species. Population growth, global climate change and other environmental changes 

heighten the urgency with which we must discover, understand and protect biodiversity.  

Many countries, especially those in the developing world, include biodiversity as an 

important element in their economic and social development. The EOL will greatly facilitate access 

to biodiversity information in the countries where most of the planet’s biodiversity is found and 

where it must be sustainably managed. 

The EOL is also timely because rapid development of information technology is opening 

doors to huge potential for new and innovative approaches. Recent informatics technologies, such as 

wikis and aggregation technology, make the rapid assembly of the EOL possible. The EOL will use 

aggregation technology to create hundreds of thousands of provisional web pages for species, and 

then employ a peer-reviewed wiki approach to allow biodiversity experts to evaluate and upgrade 

the pages. Writing an Encyclopedia of Life the traditional way would have required many years just 

to identify experts to write each article and then decades for the experts to deliver the articles. The 

EOL approach frees experts of the burden of drafting, makes this the job of software, and optimizes 

the use of precious expert time. This precious time could focus on quality control, generating new 

content for little-known species, and other non-routine functions. 

In addition, the recent capability to scan published materials at a rapid rate and to mark-up 

the digitized pages means that the EOL will be able to link directly to a wealth of published 

material. Through the involvement of the Biodiversity Heritage Library consortium, EOL users will 
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be able to seamlessly access millions of pages of biodiversity literature. All this literature will be 

available via open-source principles, which will allow users to develop value-added applications to 

mine the literature in ways heretofore impossible. 

The EOL will be a locus for integrating many different kinds of stakeholders. Libraries, 

natural history museums, universities and research institutes, national and international agencies 

concerned with environment, agriculture, and health, non-governmental organizations, commercial 

information providers, the education sector, and the general public are among the stakeholders. The 

EOL offers the chance to integrate their interests for public benefit. No comparable initiative exists 

on this scale, and no existing forum or organization could encompass the task. 

The EOL is of a similar magnitude to the Sloan Digital Sky Survey. Just as that project has 

led to many advances in our understanding of the heavens, the EOL is expected to have a catalytic 

effect on studies of biodiversity. The pioneering biologist E. O. Wilson said it well: “As the census 

of species on Earth comes ever closer to completion, and as their individual pages fill out to address 

all levels of biological organization from gene to ecosystem, new classes of phenomena will come to 

light at an accelerating rate.” 

 For further background information about the EOL, including its rationale and justification, 

see Appendix 2. 

B.  STRUCTURE 

The EOL is intended to be a bridge between science and society and between scientists and 

citizens, as well as a research environment for scientists. The ultimate goal of the EOL is to build a 

consumer-driven product that provides the most authoritative information on all species and the 

means to add, mine and analyze the information. To accomplish this goal, the EOL is composed of 

the following five core elements.  
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Species sites. The central component of a species site will be the entry-level species page for the 

general public. This will contain a standardized series of components, which will vary for different 

kinds of organisms, but will be configurable by individual users so that they will see the information 

they want to see (“my EOL”). Common to all entry-level species pages will be the scientific and 

common names (in several languages) of the species; a species description (comprehensible by the 

general public); picture(s) and/or illustrations of the species; habitat information; a range map to 

show where the species lives; instructions on how to identify the members of the species; 

information on its natural history, conservation status and human uses (where these are known); and 

some bibliographic information. The exact components of the entry-level species page will be 

determined by a structured needs analysis of the general users, and by the editorial and design 

committee and by experts involved with the kind of organism (you can’t have the same blocks of 

information, for example, for a gray squirrel and a paramecium). However, as much as possible the 

entry-level pages will have a common layout, look and feel.  

Linked to the entry-level page will be a varying number of more specialized pages covering 

different domains of knowledge—taxonomy, molecular biology, physiology, conservation, 

phylogeny, education, literature, specimen and observational data, biogeography, etc. As data sets 

become available in these and other areas, they will be linked to the species sites, allowing the EOL 

to be extensible and sustainable. 

Several international web-based projects to organize biodiversity knowledge in various 

domains—such as the Global Biodiversity Information Facility (www.gbif.org) , FishBase 

(www.fishbase.org), Species2000 (www.sp2000.org), and the International Plant Name Index 

(www.ipni.org)—are now functioning, and EOL will partner with them, thus leveraging their 

content in ways that will be synergistic for all the partners. We estimate that more than 100,000 
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species pages are already represented on the Internet. However, every group (ants, fish, ferns) has 

pages with different fields and designs. While many pages have rich content and imaginative design, 

the Babel makes life hard for the user. Moreover, few are using aggregation technology, so the 

pages are static and may become quickly dated. And few have thought about how the pages might 

be transformed for access through personal digital assistants or cell phones in the field. The EOL 

can set high standards and key norms, including for interoperability and linking of resources. 

Building on much excellent work accomplished in biodiversity informatics during the past 20 years, 

the EOL offers a chance to multiply content and convenience by orders of magnitude. 

The EOL is species-centric, with its eyes firmly focused on developing the species sites, and 

the rapid creation of these sites at a high level of quality is the major goal of the enterprise. 

However, because many users will want to enter the Encyclopedia at other levels of classification 

(e.g. mammals, whales, Asteraceae), we do need to be prepared to meet needs in this regard, and the 

EOL will thus contain entry points, descriptions and linking mechanisms to deal with these higher 

levels. 

EOL must show some results and value quickly. Therefore, we would seek first to work with 

existing compendia of species pages, such as FishBase, AmphibiaWeb, and North American 

Mammals. Vertebrates and angiosperms will be covered early, which has the plus that these are 

largely organisms the general public and educators will find of high value. More difficult groups 

will be tackled as the scientific societies and experts indicate their readiness to deal with them. 

Informatics. One key to the success of the EOL is a new cyberinfrastructure that will engage 

numerous initiatives that share a common interest in the collection and dissemination of expert 

information about organisms. Several types of software will be needed. Software for wikis, other 

web services and aggregation technologies, and for running large portals is now widely available 
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and will be adapted and fine-tuned for the EOL. Already in development are navigational tools for 

searching and indexing the species sites and tools for marking-up of the digitized literature, 

including automated mechanisms for identifying scientific names. 

The cyberinfrastructure has three important dimensions. The first is a layered organizational 

architecture that brings together any information on any organism and assembles that information 

within biologically meaningful contexts. Secondly, “taxonomic intelligence” will be used to 

overcome traditional problems of bringing together distributed data on the Internet. Thirdly, EOL 

will use innovative aggregation technology (Mashups) to draw together information form multiple 

sources and reassemble the information with sufficient flexibility that the resulting web pages can 

meet the needs of diverse audiences. 

For more information, see Appendix 3, EOL Technical Vision. 

Literature. The Biodiversity Heritage Library (BHL) project (www.bhl.si.edu) is a consortium of 

ten of the world’s largest natural history libraries (American Museum of Natural History, Field 

Museum, Harvard University Botany Libraries, Ernst Mayr Library of the Museum of Comparative 

Zoology, Library of the Marine Biological Laboratory and Woods Hole Oceanographic Institution, 

Missouri Botanical Garden, Natural History Museum London, New York Botanical Garden, and 

Smithsonian Institution Libraries). The BHL is preparing to digitize the contents of the member 

libraries, thus making available virtually the entire store of published human knowledge about 

biodiversity. Linking the literature information to the data available through the EOL species sites 

provides great depth that will make the EOL a much greater scientific and popular resource. It will 

also make this information available to scientists and the general public in developing countries. It is 

a vexing contrast that most of the world’s biodiversity is found in developing countries, while most 

of the information about that biodiversity is locked up in the literature and databases of the 
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developed countries. EOL will contribute to “repatriating” that knowledge back to the countries of 

origin. 

The BHL estimates that the total published biodiversity literature consists of 280 to 320 

million pages, of which 170-190 million pages form the “core” literature, and about 80 million a 

base that includes some information on most species. It is developing a “union catalogue” of the 

holdings of the ten libraries that make up the consortium and is developing rational and efficient 

strategies to digitize the core literature. In addition, some institutions and organizations have already 

digitized portions of the biodiversity literature (e.g., several natural history museums have digitized 

their own publications), totaling perhaps 1 million pages, and it may be feasible to incorporate these 

into the project. The digitizing process will be organized around regional scanning sites, using 

technology and processes already developed by the Internet Archive (www.archive.org/index.php ). 

The BHL anticipates opening one or two scanning sites in 2007, each of which would be 

capable of scanning up to one million pages a month. Software is under development to bring 

“taxonomic intelligence” to the scanned pages (for further details, see “Indexing content from the 

Biodiversity Heritage Library” in Appendix 3). 

Education and Outreach. The EOL will present a treasure-trove of information for use in 

educational environments, ranging from grades K-12 through graduate levels, as well as a wealth of 

possibilities for informal education. EOL will partner with education-oriented institutions and 

organizations and with relevant citizen scientists (e.g., horticulturists, birdwatchers) to develop 

curricula, lesson plans, and tools for educational uses of the EOL and for outreach to the general 

public. Models will also be developed for using the EOL in citizen science, where students and the 

general public can be involved in gathering information and asking questions.  
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The Education and Outreach component of EOL will also identify the most efficient 

mechanisms for outreach to a variety of audiences and determine the costs and impacts for each 

audience. 

Synthesis center. Experience has shown that every time a group develops a large amount of 

scientific data, the very existence of the datasets enables new scientific questions and hypotheses. 

Examples of this phenomenon can be seen at the Sloan Digital Sky Survey 

(www.sdss.org/background/) and the National Center for Ecological Analysis and Synthesis 

(www.nceas.ucsb.edu).  

 The EOL will quickly become a nexus for integration of biodiversity information from many 

fields. New ways of analyzing and combining large data sets will be required to make full 

synergistic use of EOL’s broad and varied resources.  

 The EOL synthesis center will facilitate scientific analysis and educational utility of the base 

data sets collated by the EOL. It will play three major roles:  (1) aiding scientific working groups 

developing tools and novel uses for the EOL; (2) facilitating cross-disciplinary involvement of the 

scientific community in the EOL effort; and (3) generating new scientific questions and hypotheses 

that will demonstrate the power of the EOL. 

The center will serve as the locus for bringing together groups of scientists to examine how to 

catalyze such innovations using the information gathered in the species sites. Suitable topics for 

such approaches might include, for example, phylogenetic and biogeographic analyses, or studies on 

coevolution of taxonomic groups.  

Planning meetings. In order to complete the plans for each of the components and broaden the 

EOL’s base of organizations in the US and worldwide, we plan to convene planning meetings during 

the first half of 2007. These meetings will provide advice in preparing detailed plans and milestones  
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In addition, each of the five core elements will develop its own stakeholder-based working 

group(s), to provide feedback from and connection to the relevant communities.  

 

C. GOVERNANCE AND MANAGEMENT 

The governance and management structure of the EOL is depicted in the diagram below. 

BOARD OF DIRECTORS

DISTINGUISHED
ADVISORY COMMITTEE

INSTITUTIONAL 
COUNCIL

SECRETARIAT

GOVERNANCE AND MANAGEMENT OF THE EOL

Informatics
(development &
maintenance)

Literature
(scanning &
digitization)

Education &
Outreach

Synthesis Center
(discovery &
Synthesis)

Species Sites 
(design of pages & 

vetting by scientists) 

 

Board of Directors. This board will consist of senior figures from the cornerstone institutions 

(currently the Smithsonian Institution, Marine Biological Laboratory, Field Museum of Natural 

History, Harvard University, and the Biodiversity Heritage Library Consortium), a legal expert, and 

liaisons from EOL’s financial sponsors. It will provide hands-on guidance and be the major forum 
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for coordination of the various facets of the project. The Board is accountable for EOL’s success and 

meeting performance metrics. Over time, other institutions that make major commitments or assume 

large responsibilities might join the Board of Directors.  

Distinguished Advisory Committee. This body will consist of 10-12 distinguished individuals, 

from within and outside the biodiversity community. The Committee will help develop and advocate 

for the EOL vision, and provide high-level, expert guidance. It will balance political geography, 

taxa, marine and terrestrial interests, and producers and users of knowledge. 

Institutional Council. The Council will engage the wider international and scientific communities 

by providing representation for 15-20 institutions and programs, from the US and other countries, 

that are crucial partners committed to implementing the EOL. Members will serve on behalf of their 

institutions or programs. The Council’s mandate is to bring a wider perspective for and involvement 

in the EOL, identify individuals and programs that should be involved in the project, and engage 

additional funding and other resources.  

Secretariat. The EOL Secretariat will be hosted at the Smithsonian’s National Museum of Natural 

History. Led by an experienced Executive Director, it is responsible to the Board of Directors for 

managing the project. In addition to coordinating all aspects of the EOL, it will also be the major site 

for designing the pages for the species sites, for communicating with and involving the relevant 

scientific communities, and for overseeing the editorial control of the species pages.  

 Although all of the cornerstone institutions will be involved in all of the core components of 

the EOL, they will also act as leaders for specific components, as follows: 

Smithsonian Institution:  host for the EOL secretariat, and co-leader (with Harvard University) of 

the Education and Outreach core component 
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Marine Biological Laboratory (MBL):  development and maintenance of aggregation and related 

software, including the portal for entering the EOL 

Biodiversity Heritage Library (BHL) consortium:  scanning and digitization of literature 

Field Museum of Natural History (FMNH):  home to the Biodiversity Synthesis Center and host of 

many EOL meetings and conferences 

Harvard University:  co-leader (with the Smithsonian) of the Education and Outreach component 

D.  INDICATIVE BUDGET FOR THE FIRST FIVE YEARS OF EOL 

The budget for the first five years of operation of the EOL is estimated at $40 million. Our 

goal is to secure a lead gift from one or more private foundations for at least half of this budget. The 

cornerstone institutions have agreed to work together, and with other national and international 

partners, to raise the remaining funds.  

E.  PROVISIONAL MILESTONES FOR THE FIRST TWO YEARS OF THE PROJECT 

The milestones in the tables below presume that the project is started in early 2007 and that 

the funding for the major components of the project is in place by June 2007. Clearly the intensity 

and speed of the effort will be dependent on success in fundraising. 

Milestones for 2007 Lead institution(s) 
Establish Board of Directors and begin monthly meetings Board of Directors 
Establish Secretariat; hire key staff Smithsonian 
Convene expert meetings to flesh out plans for the five major EOL 
components (species pages, software and hardware, digitized literature,
education, synthesis center) 

Cornerstone institutions 

Determine immediate hardware/software needs and initiate purchases 
of off-the-shelf items 

MBL, Secretariat 

Hire programmers to begin tailoring aggregation and wiki software MBL 
Identify relevant international partners and invite them to join the  
project 

Board of Directors,  
Secretariat 

Recruit Distinguished Advisory Committee Board of Directors 
Recruit Institutional Council Board of Directors 
Establish first regional center for scanning literature BHL 
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Design team begins developing templates for entry-level species  
pages 

Secretariat 

Design team establishes working group representing different  
stakeholder groups 

Secretariat 

Identify “low hanging fruit”, i.e. taxonomic groups that already have  
good species pages that can be retrofitted into the EOL format 

Secretariat, MBL 

Establish first agreements with data providers to incorporate their 
information into EOL 

Secretariat, MBL 

Use aggregation technology to prepare first drafts of entry-level  
species pages 

MBL 

Wiki tool for experts use in scrutinizing draft pages is in place MBL 

Discussions have taken place with scientific societies, relevant 
international organizations (e.g. Species 2000) and other groups of  
experts to identify mechanisms and individuals for reviewing the draft 
content on the species sites 

Secretariat (in concert with
FMNH and other partners)

Digitizing of literature begins—by end of year, at least 5 million pages 
have been scanned  

BHL 

Taxonomic intelligence tools are used to identify scientific names in  
the digitized literature and to put these names into the broader  
taxonomic context 

MBL, BHL 

Formal and informal education communities begin to examine ways in 
which the species sites can be used 

Harvard, Smithsonian 

Synthesis Center is established and key staff hired FMNH 

Synthesis Center has held organizational meetings to identify most 
promising approaches for using the species sites in synthetic research 

FMNH 

Hold the first international EOL conference by circa end of 2007 Board of Directors,  
Secretariat 

 
Milestones for 2008 Lead institution(s) 

Design group has completed user needs analysis for entry-level species 
page 

Secretariat 

At least 70,000 draft species pages are in place MBL 
First version of EOL workbench has been prepared and is in beta  
testing 

MBL 

At least 35,000 species pages have been examined by experts and are 
ready to serve via the portal 

Secretariat (in concert with
FMNH and other partners)

Second regional center for digitizing literature is brought on line BHL 

At least 25 million pages of literature have been digitized by the end of 
year 

BHL 

Recommendations for incorporating EOL into formal and informal 
education have been drafted—some model curricula have been  
developed 

Harvard, Smithsonian 

First synthetic data analyses have begun, and projects on developing 
consensus taxonomies of understudied groups are underway 

FMNH 
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F.  OUTCOMES AND EVALUATION 

On a scientific level, EOL will accelerate learning answers to essential questions in 

biodiversity, including startlingly basic ones such as the numbers of known kinds of life and fresh 

ones in comparative biology that vastly enlarging databases just now allow us to imagine. 

 On a practical level, the outcomes should be improved management of natural resources, for 

example with regard to designation of marine protected areas. 

 On a broader societal level, the great outcome is access to information, which we expect will 

lead to better informed publics worldwide and will involve those publics in citizen-science activities, 

such as documenting biodiversity. 

Evaluation. Many outputs of the EOL can fortunately be measured in a timely and quantitative way. 

The number of species sites, number of literature pages digitized, number of users of the EOL and 

the number of scientific papers that cite the EOL can be monitored on a regular basis. 

Outcomes are of course harder to assess. Using proxies such as papers, citations, and prizes, 

we can assess outcomes within science. Surveys of decision-making or case studies about protection 

of the environment and use of natural resources could seek to identify the contribution of the EOL. 

With regard to general public knowledge, it is far easier to assess web traffic than to assess what 

persons actually know or understand. One might look to changing levels of support for biodiversity 

protection and research as an indicator of success to which EOL contributes, as well as involvement 

in citizen science projects. 

Overall, we do not think EOL will be difficult to evaluate. If successful, EOL will be famous 

and heavily used. If after 5 years EOL remains obscure and hard to use, a few interviews will reveal 

the problems. We would propose an external review by a small group representative of different 

stakeholders after about 2.5 and 4.5 years. 

EOL Framework, Distribution Draft  Page 13 



Draft version 5.0  21 January 2007 

Impacts. At a lofty level, the impacts are improved knowledge contributing to the protection of 

nature and human well-being. How information is finally used is hard to anticipate and cannot be 

controlled. Reliable information that can be used for identification can reduce the commercial traffic 

of endangered species or reduce the number of invasive species that can have devastating impacts on 

agriculture and human health. Information about species may help in developing field guides for 

ecotourism projects, an important economic sector that is growing fast worldwide. Providing access 

to biodiversity can empower researchers in developing countries to have a greater impact on 

international science, while empowering students and the general public to contribute information to 

the EOL can bring a wider corpus of data to help us gain new insights into the natural world.  

 The EOL probably stands to benefit most those at the two ends of the information spectrum. 

On the one hand, the EOL radically democratizes access to information, so that people in countries 

with poor libraries and museums or little cash to buy books might suddenly have access to terabytes 

on their cell phones. On the other end, those with the largest screens and bandwidth, including 

scientists, will also revel in EOL. 

G.  LONG-TERM SUSTAINABILITY 

 The EOL is completely consonant with the basic mission of natural history museums and 

herbaria. These institutions, collectively, are already a kind of encyclopedia of life, but one that is 

very difficult to access and search. The EOL is the inevitable digitization and integration of key 

aspects of these institutions. As such, several of them have accepted that it is their responsibility to 

lead the creation of the EOL and to find ways to sustain it. 

 All the partner institutions in this proposal are committed to raising additional funds to 

realize the vision of the EOL. Over the longer term, they hope to build the costs of maintaining the 

EOL into their core functions. 
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 The software and knowledge generated by the EOL will be designed for community 

ownership. The software will be modularized and placed in an Open Source environment so that 

everyone can add to it and improve it. 

 No one can anticipate very far ahead the rapidly evolving pattern of revenue (or expense) 

associated with the Internet. The EOL partners will explore a range of business models. These could 

include basic subventions from institutional budgets, winning of grants for particular functions or 

enhancements, revenues from advertising or sponsored links, other kinds of corporate sponsorship, 

individual memberships and donations—in short the full range of revenue strategies already 

successfully used.  

The EOL will earn social sustainability as the various user bases come to rely on the 

information it provides. In particular, the educational components (including both formal and 

informal education and citizen science) and the outputs from the Biodiversity Synthesis Center will 

contribute to the involvement of the general public and the scientific community and their insistence 

that EOL be maintained.  As GenBank has enabled a wide range of economic activities and is seen 

as a public good worthy of continuous funding from NIH, there is a real possibility that EOL will 

achieve such status in the eyes of other agencies, as the data and information to which it will provide 

access are at the base of a wide range of economic, social and intellectual endeavors.  
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 Appendix 1—E. O. Wilson’s article, “The encyclopedia of life”, from TREE, 18(2) 
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Appendix 2—Rationale for the Encyclopedia of Life 

 

Why is the idea important? 

There are several reasons why we believe it is important to have an EOL. 

First, access to information is arguably the defining revolution of our times. As a result, 

scientific literacy has never been more vital to new generations. The EOL is predicated on the idea 

that free access to recorded knowledge about life should be encouraged and enabled. It thus 

exemplifies the Creative Commons (http://creativecommons.org/) and its offshoot, the Conservation 

Commons (www.conservationcommons.org). The information provided by the EOL will be of 

particular value for students, scientists and people with limited means of access because of income 

or location, including individuals in developing countries. 

Second, popular demand for biological information is enormous, as evidenced by traffic to 

pages about sharks or sales of field guides of birds. Commercial sources satisfy some of this 

demand, and the EOL might create opportunities for value-added software by private vendors, just 

as private companies provide custom services on top of the forecasts of the US National Weather 

Service. However, the fraction of the 1.8 million species for which commercial field guides 

historically have been viable is tiny and they are often only available for selected countries and 

languages.  

Third, resource managers all over the world need access to species-level information to make 

decisions about, for example, trade in endangered species, detection of invasive species, declarations 

of quarantines, and preparation of environmental impact statements 

Fourth, the accumulation of the pages of the EOL will bring an explosion in the field of 

comparative biology by allowing researchers to examine information encompassing entire 
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taxonomic groups, such as all scarabs, and to match and layer information across taxa, for example 

about frogs and flies, or tuna, squid, and zooplankton. It will also link this information with data 

from biological collections, enabling comparisons of populations and species. 

Fifth, the pages will have important uses for the general public and in education. They will 

be used to enable new kinds of citizen science. For example, they will provide a framework for 

natural history societies and related citizen groups to undertake local inventories of the flora and 

fauna in their area. Over time, adding these local efforts together will produce a national inventory 

of biodiversity which can be used in modeling a wide range of phenomena, from climate change to 

human impacts. And the pages will also be of great value in formal education, at the middle-school, 

high-school and college levels, where they can be used to establish biodiversity as a key theme in 

life sciences curricula. 

Which other foundations, universities, and agencies are working on the idea? 

 The most important complementary large foundation activity is probably Mellon’s support to 

scan and digitize botanical type specimens that were originally collected in Africa and Latin 

America, thereby facilitating access to the information in the countries of origin. Some small 

foundations, including JRS and Lounsbery, make modest-sized related grants. The Sloan and Moore 

foundations provide funding for the Barcode of Life Initiative, involving 100 institutions in 40 

countries to develop short DNA identifiers for plants and animals.  

The US National Science Foundation funds several large-scale biodiversity efforts, including 

their programs on Assembling the Tree of Life (determining the phylogenetic relationships of the 

major branches of life) and Planetary Biodiversity Inventories. But to date it has not been interested 

in the prospect of amalgamating these data into a single, web-accessible resource. 
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Biodiversity informatics is an emerging discipline or sub-discipline now growing at several 

universities and research centers in the US and abroad, for example, U. of California at Berkeley, 

Kansas, Rutgers, Arizona State University, CONABIO (Mexico), INBio (Costa Rica), the U. of 

Auckland (New Zealand) and the Atlas of Living Australia (spearheaded by the Australian 

Biological Resources Study). The Missouri Botanical Garden is a leader in plants, together with 

other institutions in the iPlants Consortium. The planning group for the EOL has scanned related 

initiatives and compiled extensive lists of relevant initiatives and interested parties. 

Several large compendia of species pages have already been developed, such as FishBase, 

CephBase (www.cephbase.utmb.edu), AmphibiaWeb (http://amphibiaweb.org/), North American 

Mammals (www.mnh.si.edu/mna), and a host of others. EOL will develop synergistic collaborations 

with as many of these sites as possible. In addition, the seminal iSpecies site 

(http://darwin.zoology.gla.ac.uk/~rpage/ispecies) uses aggregation (mash-up) technology to generate 

species pages “on the fly”, much as EOL will do in order to develop the first-cut pages for expert 

evaluation. 

How is EOL different from Wikipedia and Google? 

We are full of admiration for both Wikipedia and Google, and their success inspires us to 

believe we can create the EOL, drawing on key attributes and strategies of each. 

The EOL differs from Wikipedia and Google in that it will systematically provide access to 

expert knowledge. The vast majority of the data available through the EOL will have received 

scientific scrutiny. In contrast to Wikipedia entries, EOL’s will have standard formats, required 

fields, and preference for vetted information. In contrast to Google, users will not have to sort out 

inappropriate material that comes from a Google search. A birdwatcher interested in “Baltimore 
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Orioles” will find that a Google search results in about 2.5 million hits. Using the scientific name for 

this species (Icterus galbula) still results in 105,000 hits, of varying degrees of authoritativeness.  

In addition, Google cannot access deep content on the web. Over 90% of web-accessible 

content is within databases that Google cannot penetrate. By working with the holders of relevant 

biological databases, EOL will make their contents available through its species sites. 

Another difference from Google is that the EOL is founded on the ideas of open content, 

open access, and complete transparency. Google’s cached data belong to Google, not the general 

public. Only Google’s search engine can search Google, and it has lots of biases and advertising. 

And Google has no long-term commitment to biodiversity as a subject matter. Like Wikipedia, EOL 

has an open-source, open-content model. Only Google employees make Google products, whereas 

EOL will have publicly accessible boards of editors, a wiki-type workbench that allows experts to 

add information directly, and transparent operation.  

How will the EOL deal with Intellectual Property Issues? 

 The advocates of the EOL are keenly aware of the many and dynamic intellectual property 

issues associated with the venture and have examined these during the past year. The EOL would 

expect to be a fast follower, not a pathbreaker in regard to Internet practice. We expect most law 

actions and norms will follow from practices of Google, YouTube, mySpace and other entities, 

private and public, that are pushing the envelope of practice. 

 As a basic position, EOL would expect to quickly take off-line material that becomes legally 

controversial until practices are sorted out. EOL will include on its Board of Directors an individual 

with expertise in relevant law. For example, the UC Berkeley law clinic includes several faculty 

with keen interest in this area who might serve and assist at no or minimal cost. 
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How long will it take to make substantial progress? 

Within two years the EOL website should be largely enabled and synthesizing large numbers of 

provisional pages. Within three years several exemplary groups should be dynamically available at a 

high level of quality. Within five years, as many as 1 million species should be accessible and 

substantial progress will have been made in using this resource to synthesize new knowledge. The 

remaining 800,000 species sites relate to lesser-known groups and may take five more years work. 
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Appendix 3—EOL Technical Vision 

 The EOL project is grand in scale and scope and must be a communal enterprise, leveraging 

and integrating the efforts of other initiatives to engage authoritative data sources and experts. The 

informatics component of EOL will contribute to the challenge of creating a web site for every 

species by building a new kind of cyberinfrastructure that can draw together the growing body of 

information that is distributed across thousands of web-sites. The cyberinfrastructure has three 

innovative components, all of which have been explored using prototypes developed by the MBL 

and other partners. The first is ‘Taxonomic Intelligence’ – an approach that addresses unique 

problems associated with information about organisms. The second is the use of aggregation 

technology (mashups) to ‘atomise’ data from collaborating web sites and to recompile the 

information into new web pages. The third component is a layered architecture that is flexible, 

powerful, and promotes a modular approach to software development, so fostering communal 

ownership. Although some components of this cyberinfrastructure have been developed, a number 

of elements have yet to be assembled, including concept management, a comprehensive indexing 

and navigation system, and a modular environment through which experts can work with distributed 

content. 

 

TAXONOMIC INTELLIGENCE 

 From the time of Linnaeus, biologists have used a system of names for organisms that seeks 

to ensure that each species has a unique but standardized name. Virtually all biological data systems 

from books to on-line databases rely on names. Names offer the principal means by which the EOL 

can gather together information from many websites on any one species. For various reasons, the 
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‘each species has a unique name’ goal has not been achieved. There may be different names for the 

same organism (synonyms), and the same name may be used for different organisms (homonyms).  

 The components that are being developed to collectively resolve the problems of managing 

information about organisms are referred to as ‘Taxonomic Intelligence’ (TI), which will continue to 

evolve as needs and technologies allow for increasing sophistication. Currently we think of TI as 

including 

o A comprehensive list of all species names and names surrogates of all organisms in all 

languages as the foundation of indexing  

o Dealing with the synonym problem through reconciliation 

o Dealing with homonyms and concepts through disambiguation devices 

o An inclusive use of taxonomic hierarchies to enhance searches and browse content within a 

biologically meaningful structure  

AGGREGATION TECHNOLOGY – KEY TO THE WORKBENCH AND THE PORTAL  

 The informatics aspect of EOL has to collate elements of information from an unlimited 

array of web-sites. This requires selection of existing pieces of information and their association and 

recombination in different ways to meet the needs of a diverse audience. To do this, we propose to 

employ Aggregation Technology (also referred to as web aggregation, mashup, or web application 

hybrids). Aggregation Technology uses an understanding of the architecture of source databases or 

output from those databases to segregate different categories of information. Complementary 

elements of different web sites can then be grouped together, much as generic search engines can 

show all images separated from the context in which they were first presented. In this form, the 

information can be made available in the workbench or portal, where experts and users can select 

their preferred content, or annotate it with their own metadata. The selected elements can then be 
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recombined into new pages. Full accreditation of creators and sources are critical to this approach, 

as is a system for peer review. It is important that in applying this technology, we place minimum 

burden on the data-providers. This obligates us to find site-specific solutions appropriate to each 

data provider.  

THE LAYERED ARCHITECTURE 

 
Layered architecture 

 EOL requires an organizational architecture that can assemble facts about any aspect of the 

biology of any organism into critically reviewed pages that will meet the needs of a diverse 

community. Given the success of 

‘layered architecture’ to underpin 

the operations of the Internet, we 

propose to use a similar approach 

in which successive layers 

convert factual information (the 

lowest layer) into the 

authoritative and sophisticated 

statements required by EOL. 

Each layer is defined by unique 

properties that determine how it adds value to information. By separating functions and defining the 

communications interfaces, EOL’s stratified architecture will help to break the informatics 

challenges into parts, and is intended to foster a modular approach to software development that will 

allow evolution without requiring modifications throughout the entire structure. Modular software 

can be communally developed and owned and so is designed with an ever-evolving character. This 
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design fosters partnerships with a wide spectrum of data and service providers allowing them to plug 

into any layer of the architecture. 

 We conceive of the basal layer as all records about organisms that can be accessed through 

the internet – that is, the totality of facts upon which we depend. These facts often occur in 

environments where they are placed in a context, and for the purpose of EOL, the factual content 

will need to be identified and segregated from context or opinion. Layer 2 includes all of the names 

and name surrogates that were associated with the factual content. These names form the 

foundations of the indexing system for EOL, and will be built from the uBio NameBank, currently 

the largest compendium of names, and other sources. As names are imperfect metadata, the 

following layer (layer 3) adds the sophistications that allow data on the same species but labeled 

with different names to be brought together as well as segregation of data attached to the same name 

but referring to different species. These tasks, addressed through reconciliation and disambiguation, 

are mostly embedded within the uBio NameBank environment.  

 The fourth layer is the component that manages the various taxonomies and other 

classification schemes that exist. As these are all incomplete, the subsequent layer, Union, is an 

integrated index that accommodates all names and allows content to be viewed in the context of any 

classification.  

The WorkBench (layer 6) is conceived as modular software environment that allows users to 

see all of the content in the lower layers. Through the WorkBench, users will be able to annotate 

names, add new names, create their own classifications, and leave comments for the custodians of 

the name information for various groups of organisms. They will also be able to use WorkBench to 

create their own desktops or web pages. Our vision is that this layer will be synchronized with major 

aggregators, nomenclators and other names providers. By having a universal and flexible indexing 
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system at its core, WorkBench will thus be capable of serving a great wealth of needs. It will be 

available universally, and not only to individuals associated with EOL. The modules will be freely 

available through a Source Forge type environment, in order to engage the community and to imbue 

the WorkBench with an ever-evolving character. Because of the scope of potential uses, we envisage 

this as being the most challenging and rich area of coding. For the WorkBench to be successful, it 

must engage a high proportion of the community of experts.  

THE PORTAL  

 The Encyclopedia of Life Portal (layer 7) is the name given to the environment through 

which information on organisms will be delivered to end users. The EOL Portal will be developed as 

a collaborative venture involving the EOL Secretariat, which will be responsible for design; and the 

MBL, which will be responsible for the ‘back end’, and a myriad of other partners. The back end 

will be developed in the same way as the WorkBench, largely as a system of modules that can be 

selected by the end user to manipulate the content in a form that suits their needs. As with the 

WorkBench, the software will be placed in an open source environment. Again, aggregation 

technology will be in play as the means of drawing together information from multiple sources, but 

now enriched with annotations from the WorkBench.  This environment will be compliant with data 

and communication standards emerging from the Taxonomic Database Working Group (TDWG); 

and will apply Globally Unique Identifiers (GUIDs) to facilitate re-use of the content by others.  

INDEXING CONTENT FROM THE BIODIVERSITY HERITAGE LIBRARY 

 The EOL informatics team will work in close liaison with the multi-institutional Biodiversity 

Heritage Library and the Internet Archive to provide taxonomic indexing software for the literature 

that the BHL will scan and digitize. Enhanced Name Recognition algorithms will be built by 

combining TaxonGrab, developed at the American Museum of Natural History, with the FindIT 
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algorithm developed at the MBL. The process will generate a taxonomic index of BHL content. The 

index will be served from the MBL and mirror sites, the content from the Internet Archive and from 

the BHL libraries that provided the original material. The EOL Informatics team will continue to 

develop tools that integrate the content of the BHL within other services.  
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