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1.  In this section you will be asked about Participants:

1. What people have worked on your project?  
PJ Schwartz – programmer who developed the DiGIR protocol and DiGIR portal software

Dave Vieglais – programmer who helped develop the DiGIR protocol and DiGIR provider software.  More recently, Dave has produced software (called "The Big Dig",  http://bigdig.ecoforge.net/) to monitor the "health" of DiGIR-based networks, including MaNIS.

Craig Wieczorek – contract programmer
Joyce Gross – staff programmer
Ginger Ogle – staff programmer
Qinghua Guo – former graduate student, UC Berkeley, involved with establishing and promulgating georeferencing methods

2. What other organizations have been involved as partners?
Taxonomic Databases Working Group (TDWG)

Comisión Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO), Mexico
Centro de Referência em Informação Ambiental (CRIA), Brazil
Berkeley Digital Library Project (DLP)
University of Kansas Biodiversity Research Center (KUBRC)
International Council for Science/Committee on Data for Science and Technology (ICSU/CODATA)

Global Biodiversity Information Facility (GBIF)
3. Have you had other collaborators or contacts?  
Stan Blum (California Academy of Sciences) helped develop the DiGIR protocol and the Darwin Core (DC) Federation Schema.  He has been active in support of making the DiGIR protocol and the Darwin Core and its extensions (all developed under MaNIS) into community standards via the Taxonomic Databases Working Group (TDWG) standards body. 
Robert Hijmans (formerly MVZ) produced high-quality spatial data sets and tools with which to conduct geographic validations of the georeferenced localities generated by project participants.

Robert Gales (University of Kansas Biodiversity Research Center), Jaime Rodriguez Martinez and Joaquin Gimenez Heau (Universidad Nacional Autonoma de Mexico (UNAM)) and Jose Cuadra (Instituto Nacional de Biodiversidad (INBio), Costa Rica) have all made improvements to the DiGIR portal software underlying the MaNIS network.  Additional biodiversity portals using this software have been developed for ORNIS, HerpNet, FishNet2, Berkeley Natural History Museums (BNHM), Ocean Biogeographic Information System (OBIS), Instituto de Biologia UNAM, INBio, and GBIF. 

Renato de Giovanni (CRIA) and Markus Döring (Botanical Garden and Botanical Museum-Dahlem) have developed the next generation distributed database protocol, TAPIR, based on DiGIR and its European counterpart, BioCASE.  Renato also further developed the DiGIR provider software to be TAPIR compliant.
John Deck (UC Berkeley Natural History Museums) modified BerkeleyMapper to receive mapping result sets from DiGIR portals.
Peter Rauch (retired, Museum Informatics Project, UC Berkeley) set-up and supported the MaNIS listserv (mammal-z-net), which was instrumental in managing the project.

Carmen Boreau – volunteer programmer

Elizabeth Proctor – graduate student, San Francisco State University, involved with interface usability issues

27 undergraduates from UC Berkeley alone

Actively participating institutions who did not receive funding through this award:

American Museum of Natural History (Richard Monk)
Australian Museum (Paul Flemons)
Canadian Museum of Nature (Michel Gosselin)
Cornell University (Charles Dardia)
Delaware Museum of Natural History (Jean Woods)
Florida Museum of Natural History (David Reed)
Laboratorio de Cordados Terrestres, Escuela Nacional de Ciencias Biológicas, La Paz, Mexico (Sergio Ticul Alvarez-Casteneda)

Museum of Comparative Zoology, Harvard University (Judith Chupasko)
New Mexico Museum of Natural History and Science (David Hafner)
Sam Noble Oklahoma Museum of Natural History (Janet Braun)
San Diego Natural History Museum (Phil Unitt)
Santa Barbara Museum of Natural History (Paul Collins)
Sternberg Museum of Natural History (Jerry Choate)
Texas Cooperative Wildlife Collection, Texas A&M (Heather Prestige)
University of Colorado Museum (Jason Knouft)
University of Minnesota James F. Bell Museum of Natural History (Sharon Jansa)
University of Nebraska State Museum (Patricia Freeman)
University of Texas at El Paso (Art Harris)
Washington State University Charles R Conner Museum (Kelly Cassidy)
Yale Peabody Museum (Eric Sargis)
This brings the number of active participating institutions to 38.  Thirty-one of these are online today.  Ten other institutions have expressed interest in participating in MaNIS.
2.  This section will serve as your report to your program officer of your project's activities and findings.  Please describe what you have done and what you have learned, broken down into four categories: 

1. Describe the major research and education activities of the project.
The project focused on two major research and education-related activities whose broad impact is difficult to fully measure.  First, a protocol and software were developed that demonstrated a viable and scalable distributed database network.  To date, this technology has been leveraged to make accessible 1132 different database resources from 200 data providers with over 94 million records (27 Feb 2007). 

Second, grant activities produced a methodology for georeferencing species occurrence information that has been widely adopted, both nationally and internationally.  Using this methodology, all of the specimen localities from the original 17 participating institutions were georeferenced in a novel, cross-institutional collaboration, which is being replicated in both ORNIS and HerpNet.  Further, these georeferencing methods have 1) been published in the International Journal of Geographical Information Science (IJGIS) and adopted by all of the vertebrate network initiatives funded by NSF, 2) resulted in a successful grant application to the Gordon and Betty Moore Foundation for the development of automated georeferencing tools in the BioGeomancer Project, 3) been incorporated into standards for sharing species occurrence information, and 4) been published as the basis for best practices in georeferencing by GBIF.
For the combination of impacts produced by these two major MaNIS activities and their direct consequences, Lead Programmer John Wieczorek was awarded the 2006 Ebbe Nielsen Prize by the Global Biodiversity Information Facility.  This prize, in turn, contributed to the successful proposal to the MacArthur Foundation for the Réseau pour la Biodiversité de Madagascar (REBIOMA), a platform in support of conservation in Madagascar.

2. Describe the major findings resulting from these activities. 

The concept of 'findings' is not applicable to the MaNIS project in a research context.  However, we continue to show that collaborative software development and collaborative georeferencing activities can be highly successful and effective in achieving economy of scale and uniformity of results, not only for the participants, but also for the natural history and biodiversity conservation communities as a whole.
The MaNIS project has demonstrated not only the exceptional value of natural history collections through access to aggregate specimen information, but also the dedication of the custodians of these collections in realizing the full potential of their holdings through data sharing and collaboration.  In some cases, participation in MaNIS (and its sister networks) has helped bring this value to the attention of institutional administrators who previously had little knowledge of, or appreciation for, these collections.  In at least one case, participation in this activity probably saved the collection from demise.
3. Describe the opportunities for training and development provided by your project.

Literally dozens of undergraduates and graduate students have been hired to georeference locality data for this project.  At some institutions, the Museum of Vertebrate Zoology (MVZ) foremost among them, this has cross-fostered relationships between biologists and geographers, and has increased interest among geography students in biological problems and issues relating to biodiversity conservation.  The project has also heightened awareness within the community at large of the value of accurately georeferenced data and the historical problems associated with data as they currently exist in natural history collections.  
In Sept. 2002, the georeferencing lab at the MVZ became a test laboratory for a project comparing how people interpret textual localities as geographic shapes with and without guidelines.  This study was conducted as a Master's thesis research project by a student in the Geography Department at San Francisco State University and impacted the development of best practice and online geographic resources.

In addition, undergraduate Kristina Yamamoto graduated not only from UC Berkeley, but also from a student georeferencing position under MaNIS to become the georeferencing coordinator and data validator for the HerpNet Project.  Based on her experiences in this field, she began graduate school in the Department of Geography at the University of Denver.  Kristina has also participated as a trainer in two international georeferencing workshops sponsored by GBIF..
The publication of the georeferencing methods developed under MaNIS was co-authored by a Berkeley graduate student in the Department of Environmental Science Policy and Management, Qinghua Guo.  This publication in the International Journal of Geographical Information Science, the foremost journal in the discipline, helped Dr. Guo to gain a faculty position at UC Merced in the School of Engineering.  Dr. Guo continues to collaborate on the investigation of the effects and use of uncertainty in species distribution modeling.
4. Describe outreach activities your project has undertaken. 

Jun 2002.  The first demonstration of MaNIS as a functional DiGIR network was done at the 82nd Annual Meeting of the American Society of Mammalogists in Lake Charles, LA.  The following week, the Sternberg Museum of Natural History formalized collaboration with the University of Kansas to georeference western Kansas for the MaNIS project.  Two weeks later the MaNIS network (with three collections online) was demonstrated at the Scientific and Technical Advisory Group meeting of the GBIF Data Access and Database Interoperability Subcommittee (DADI) by John Wieczorek, an invited participant.  John was subsequently nominated to serve on this committee.

Jul 2002.  The network was demonstrated at the Joint Conference on Digital Libraries in Portland, OR.

Aug 2002.  The network was demonstrated at a meeting of the UC Berkeley Natural History Museums (BNHM), the Information Center for the Environment (ICE), the California Environmental Resources Evaluation System (CERES), and the Association of Biological Collections at UC Davis.

Sep 2002.  A Georeferencing Workshop was held at the University of  Kansas Biodiversity Research Center to discuss emerging technologies and coordinate development efforts.  Geolocate, MaNIS, BioGeomancer, and the California Academy of Sciences Arcview Georeferencing tool were all demonstrated.  
Oct 2002.  A working meeting of DiGIR developers was held at the Taxonomic Database Working Group (TDWG) meeting in Indaiatuba, Brazil.  DiGIR was proposed as a possible standard for database interoperability for TDWG and GBIF.

Oct 2002.  John Wieczorek and Reed Beeman gave a joint presentation on Collaborative and Automated Georeferencing of Specimen Data at the Key Innovations in Biodiversity Informatics Symposium in Indaiatuba, Brazil. 

Jan 2003.  MaNIS was mentioned in a front-page story on virtual museums in the Sunday New York Times. 

Feb 2003.  MaNIS was demonstrated as the first implementation of a DiGIR network by Stan Blum at the DiGIR Installation Workshop, San Diego Supercomputer Center, La Jolla, CA.

Jun 2003.  Reed Beeman gave a special presentation entitled "Georeferencing Natural History Collections" at the Use of Digital Technology in Museums Workshop for the Society for the Preservation of Natural History Collections in Lubbock, TX. 

Jun 2003.  John Wieczorek demonstrated MaNIS and discussed DiGIR in a special presentation entitled "Distributed Databases and Applications" at the Use of Digital Technology in Museums Workshop for the Society for the Preservation of Natural History Collections in Lubbock, TX.

Jun 2003.  A MaNIS Workshop was held as part of the program for the Annual Meeting of the American Society of Mammalogists in Lubbock, TX.  MaNIS made its public debut at this meeting with ten collections online.

Jul 2003.  MaNIS was featured in a News-in-brief article in Nature.

Feb 2004.  The MaNIS georeferencing guidelines and the IJGIS paper resulting from them were used as the basis of the "Manual de Procedimientos para Georeferenciar", a georeferencing manual published by the Comisión Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO).

Apr 2004.  MaNIS georeferencing activities were featured in a special issue of D-Lib magazine on georeferencing in digital libraries.

Fall 2004.  MaNIS was featured in the Fall issue of the NBII Access Newsletter.

Sep 2004.  MaNIS georeferencing methods were reviewed in Phyloinformatics.

Sep 2004.  MaNIS was identified as a potential resource for invasive species information. The Heinz Center’s State of the Nation’s Ecosystems project, in collaboration with Dr. Tom Stohlgren, Science Program Director at the Fort Collins Science Center, is conducting a review of existing non-native species databases in the United States.  This effort is part of the Center’s work on the next edition of the State of the Nation's Ecosystems report (http://www.heinzctr.org/ecosystems/), scheduled for publication in 2007, and will support work on identifying a consistent set of national indicators for describing non-native species. 

Sep 2004.  Barbara Stein presented a talk at the Fifth Biennial PEET conference at the University of Illinois at Urbana-Champaign entitled, "MaNIS: An example of data integration in a distributed network environment". 

Oct 2004.  Pam Allenstein sought information on the costs and logistics of the MaNIS project in an effort to establish a distributed network for the American Association of Botanical Gardens and Arboreta, representing nearly 500 public gardens. 
Oct 2004.  Mark Costello of the Ocean Biogeographic Information System (OBIS) sought cooperation and open dialog in the establishment of georeferencing standards and gazetteers.

Nov 2004. "Mammals of the World: MaNIS as an example of data integration in a distributed network environment" (Stein and Wieczorek) was published in Biodiversity Informatics.

Feb 2005.  Emily Ashley of the New York Botanical Garden announced a project to georeference Brazilian specimens using the MaNIS Georeferencing Guidelines and Georeferencing Calculator. 

Mar 2005.  The Science Environment for Ecological Knowledge (SEEK) Project used MaNIS to access mammal specimen occurrence data for ecological niche modeling to predict range distributions of New World mammalian fauna under multiple scenarios for climate change. 

Mar 2005.  Linda Hill, retired Director of the Alexandria Digital Library Project, included references to the MaNIS Georeferencing Guidelines in two chapters of her book entitled, “Georeferencing: The Geographic Associations of Information”, published by MIT Press.

Jun 2005.  John Wieczorek was invited by Jessica Theodor, Department of Geology, Illinois State Museum, to participate in an NSF-funded workshop to improve awareness of data sharing network technology among the paleontology community.

Aug 2005.  Barbara Stein and John Wieczorek presented a poster on MaNIS at the Ninth International Mammalogical Congress in Sapporo, Japan.
Jul 2006.  John Wieczorek participated as an invited speaker in the discussion of Distributed Databases for Herbaria at the Herbarium CyberInfrastructure Workshop on Imaging and Data Sharing in Chico, CA. 
Sep 2006.  “Guide to Best Practices for Georeferencing”, based on MaNIS Georeferencing Guidelines, was published by GBIF (Chapman and Wieczorek, eds.).

3.  In this section, you will be asked to describe the tangible products coming out of your project. Specifically: 

1. What have you published as a result of this work? 

· Journal publications 

Beaman, R., J. Wieczorek, and S. Blum. 2004. Determining Space from Place for Natural History Collections In a Distributed Digital Library Environment. D-Lib Magazine, 10(5). (http://www.dlib.org/dlib/may04/beaman/05beaman.html) 

Stein, B.R. and J. Wieczorek. 2004. Mammals of the World: MaNIS as an example of data integration in a distributed network environment. Biodiversity Informatics, 1(1). (http://jbi.nhm.ku.edu/viewarticle.php?id=11).

Wieczorek J.R., Q. Guo, and R.J. Hijmans. 2004. The point-radius method for georeferencing locality descriptions and calculating associated uncertainty.  International Journal of Geographical Information Science, 18, 745-767.
· Books or other non-periodical, one-time publications 

Chapman A.D., J. Wieczorek (eds.). 2006. Guide to Best Practices in Georeferencing. Global Biodiversity Information Facility. Copenhagen. (accessible online at http://circa.gbif.net/Public/irc/gbif/digit/library?l=/georeferencing_documents/practice_georeferencing/_EN_1.0)
2. What Web site or other Internet site have you created? 

http://manisnet.org
http://digir.net
http://wiki.tdwg.org/twiki/bin/view/DarwinCore/WebHome
3. What other specific products (databases, physical collections, educational aids, software, instruments, or the like) have you developed?

Data or databases:  We have created a virtual database consisting of the distributed data from all of the participating institutions, which, as of 27 Feb 2007, consists of 31 institutions providing more than 1.7 million mammal specimen records.
By the end of the funded georeferencing activities in the grant, more than 326,000 distinct localities for ca. 1.4 million specimens were georeferenced for 18 institutions.
Teaching aids:  The georeferencing guidelines developed for this project can be, and have been, adopted by other individuals and groups wishing to follow an established protocol for this activity.  As georeferencing locality descriptions is a non-trivial undertaking, these Guidelines have proved invaluable for others wishing to enhance their existing specimen data.  These Guidelines have been elaborated into a “Georeferencing for Dummies” guide by the HerpNet Project, have formed the basis for georeferencing workshop course materials, and have been formalized as recommended best practices in a publication by the Global Biodiversity Information Facility.
Software or netware:  We have developed a Coordinate and Error Calculator to help automate the determination of these values for georeferencing.  The uncertainty calculations of the original calculator have been incorporated into the BioGeomancer automated georeferencing tools and services.  A new internationalized version of the calculator has just been developed to support georeferencing in Spanish, Portuguese, and French for projects emerging in Madagascar and Latin America.  The georeferencing calculator is accessible on the MaNIS web site (http://manisnet.org/gc.html) and is freely available to the public.

This project has contributed directly to the development of the Distributed Generic Information Retrieval (DiGIR) protocol, including implementation of both the data provider software and network portal software.  All of this software is developed as open source using the facilities provided by SourceForge (http://sourceforge.net/projects/digir).
4.  Now we invite you to explain ways in which your work, your findings, and specific products of your project are significant. Describe the unique contributions, major accomplishments, innovations and successes of your project relative to : 

1. the principal discipline(s) of the project; 

Within the discipline of Biodiversity Informatics, the MaNIS Project was seminal in the establishment of viable distributed database networks.  The community of mammalogists chosen as the original participants was key to our extraordinary success; their enthusiasm and open attitude contributed directly to the ability of a very small development group to build tools that ultimately drove an explosion in the availability of georeferenced species occurrence data.  This combination allowed the project to go far beyond its original goals, and to have a broad impact in biodiversity informatics.  The emphasis is now changing from interest not only in access to the data themselves, but also in tools overlying the distributed networks to improve data quality and to enable these data to be used in innovative cross-disciplinary ways in a multiplicity of research, education and conservation efforts nationally, as well as internationally.
2. other disciplines of science or engineering; 

The georeferencing guidelines we have developed, while useful in the context of MaNIS and the other related biodiversity networks, have provided a framework for the automated discovery and spatial description of location based on textual input.  This problem is not unique to biodiversity informatics.  Though outside our scope, it is anticipated that these capabilities, developed more fully in the BioGeomancer Project, may have broad application in science and engineering.  These developments have already garnered interest from Google and ESRI.
3. the development of human resources; 

The process of georeferencing has proved a tremendous learning experience both for students, some of whom had no prior experience working with museum collections, and for others who are now gaining an opportunity to become involved in curation and collections management from a very different perspective.  In addition, the MaNIS georeferencing effort is making a tremendous contribution to improving the ways in which museum staff and field collectors record locality descriptions and metadata, along with GPS coordinates.  The value of the methods have leveraged support for international training workshops, thereby building capacity on a global scale.
4. the physical, institutional, or information resources that form the infrastructure for research and education; and 

As a result of collaborative georeferencing, the Museum of Vertebrate Zoology has, in essence, created a georeferencing laboratory equipped with computers, software, maps, gazetteers, etc.,  which operates full-time.  Activities include georeferencing, the development of automated tools, and the testing and analysis of programs.  All results stemming from these activities are made freely available to the public as they emerge.
5. other aspects of public welfare beyond science and engineering, such as commercial technology, the economy, cost-efficient environmental protection, or solutions to social problems.

The network model established by the MaNIS Project is being further developed to create Science for Conservation portals, in which distributed occurrence data sources are aggregated with expert vetting to produce the highest possible quality inputs to species distribution models.  The first of these portals, REBIOMA, is being developed for Madagascar with funding to UC Berkeley (Claire Kremen, PI) from the MacArthur Foundation.  This portal is expected to provide a sound model for replication in any region of interest throughout the world. 

The creation of a listserv (mammal-z-net) at the inception of this project not only became a tool to manage the project but also to conduct outreach and capacity building.  Subscription was open to any individual with a project-related interest and was key to the collaborative georeferencing effort, the dissemination of information as the project progressed, and addressing and maintaining growing community awareness and interest.
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