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“Building a Distributed Digital Repository of Biological Data: Special Challenges”

Zack E. Murrell, Robert K. Peet, Chris Hodge, Greg Riccardi
A significant global effort is ongoing in the natural history museum community to make collections data available via the Internet.  Much of this effort is focused on presentation of specimen metadata, standardization of metadata fields, imaging of specimens, and data curation and storage.  Members of the Taxonomic Databases Working Group (TDWG) (http://wiki.tdwg.org/) have been working in collaboration for seven years to develop standards for data acquisition, manipulation, and retrieval. Their efforts have resulted in large-scale propagation of information about specimens and observations through the Global Biological Information Facility (GBIF) (http:/www.gbif.org) and other international organizations.

In workshops and meetings of natural history museum directors and curators in the USA, the focus has been on creating digital representations of specimens that include descriptive information and images.  Several national projects, such as MaNIS (http://manisnet.org/) and HerpNET (http://www.herpnet.org/) have made great strides in organizing institutions to cooperate in this data capture.  GBIF manages a global internet portal and central clearinghouse for biological data and currently provides access to hundreds of collections from various taxonomic groups.  The US Geological Survey has developed the National Biological Information Infrastructure (NBII) (http://www.nbii.gov/) as part of the global infrastructure to help make biological data electronically available.  The National Science Foundation has awarded funding for several projects to facilitate data acquisition, such as the HERBIS project (http://www.herbis.org/index.php) to capture specimen label information using Optical Character Recognition software, the Specify project (http://www.specifysoftware.org/Specify) that provides a software package for museum specimen data management and the Morphbank project (http://morphbank.net), a Web repository of biodiversity images that are used in taxonomic research.  

The focus on specimen data acquisition is a useful starting point, but the most exciting opportunities promised by the emergence of Web 2.0 are in the integration of knowledge and data.  The National Science Foundation has funded a project to organize the 215 herbaria in the southeast region of the USA and to capture and present information about the plant collections housed in these institutions.  This project, SERNEC: SouthEast Regional Network of Expertise and Collections (http://www.sernec.org/), is a NSF Research Coordination Network (RCN) designed to facilitate and encourage data capture and presentation efforts for those collections.  As we develop a model system for SERNEC, we have begun to understand that opportunities exist for this network that go far beyond the acquisition and presentation of specimen data.  This model has applicability to other groups within and beyond the taxonomic community.    

The biological community has focused on the value of specimens and the risk this data is facing, but the central focus should be on the potential loss of data and curatorial expertise.  This curatorial expertise must be mobilized if we are to fully exploit the data.  Not only is this a critical issue for the current curatorial generation, this cyberinfrastructure framework provides the raison d'être for the next generation of curators and taxonomists. Ultimately, we are trying to build a virtual community of experts, and it is in this virtual community where the true value of the data capture and presentation efforts will be realized.  

Compared to physics and chemistry, the life sciences have placed greater emphasis on innovation than on standardization over the past century.  This is most problematic in the naming of organisms, where the processes of nomenclature and taxonomy are partly independent, and therefore, the circumscriptions of the organisms associated with scientific names may vary with taxonomic revision or taxonomic authority cited. Consequently, a valid scientific name can have multiple taxonomic interpretations and multiple scientific names can refer to the same taxon (Table 1). Taxonomic concepts provide an alternative, less ambiguous approach for documenting organism identity, and international standards for their application have recently been adopted. This solution requires researchers to provide adequate references for all taxonomic identifications, either directly or by an identifier that links to a public archive.

Table 1. Columns represent eight different taxonomic treatments of a grass species over the past century.   Treatments vary from recognition of a single species to five species and eight varieties.    
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However, transition to concept-based data integration presents many challenges, including populating databases with relationships among concepts, and integrating datasets where some components refer to taxon concepts and others do not.  We have developed protocols for mapping relationships among concepts from multiple treatments, and employing these mappings in cases where only some datasets have taxa documented using concepts and the others must have their taxa treated only as nominal concepts.  We use the flora of the Southeastern United States as a case study to demonstrate our approach. Our approach to data integration is demonstrated with a new floristic atlas for the southeastern US flora that integrates records based on concepts (eg. local floras with range maps) with records documented only with a name (e.g. specimen databases) (http://www.herbarium.unc.edu/seflora/). Application of this approach will allow dramatic improvement in the discovery and integration of distributed taxonomic and ecological data. We regard the use of taxonomic concepts as a key component of any strategy for managing on-line access to biodiversity data.

In order to utilize the taxonomic expertise of the herbarium curators to assist in taxon mapping, and other aspects of data curation, two steps must be taken.  First, we need to identify the expertise that needs to be virtualized.  We recognize a need for social scientists to facilitate interactions within the virtual community and information technologists to assist with data management and data flow. Each of the user groups (education, science, decision-makers and corporations) needs different multi-layered media databases that provide appropriate and pertinent information that is easily accessible.  Expertise needed in this area includes those that are developing interactive keys, photographers to provide images of specimens, live material, and component parts for keys, and expertise from various user groups to elucidate areas that need additional information content.  A second necessary step is to educate the constituent expertise about the value of active participation in this social network.  Mechanisms need to be developed to encourage this active participation.  A third step is to identify and address barriers within the curatorial community to the use of IT in general and Web 2.0 technologies in, realizing that some of these will barriers will be a lack of resources and funding and others will be cultural. 

By developing a virtual community of expertise and providing mechanisms for efficient and effective communication, we provide a foundation for real scientific discovery.  As we make the specimen database available, we also have an opportunity to greatly improve the database through the efforts of the community of expertise.  The curators can use their taxonomic expertise to examine specimens, make determinations, recognize and map concepts, and provide annotations of specimen images.  Biogeographical expertise can be used to assist with increasing resolution of locality data and for determining if outlier distributions are real or an artifact of misinformation.  To accomplish this long-term goal of producing a high-quality database, we need to use multiple databases.  In order to have buy-in from curators, it is imperative that each curator has control of their own collection.  Just as the herbarium curator decides whether a specimen that has been newly annotated is moved to a new genus or species folder, the herbarium curator should have final say over whether an electronic specimen is moved to a new taxonomic category.  This objective can be achieved by providing an “approved” database to GBIF and analysis subunits, while at the same time maintaining a “real time” database that is constantly being examined, improved, and approved by the appropriate experts and curators.  The approved database can then be regularly updated by the improvements from the “real time” database, after approval by the appropriate curator.          

A final issue involves data storage and curation.  As the technology develops, it is clear that specimen imaging is the new standard for acquiring label data, as well as morphological data from the specimen.  Morphbank (http://www.morphbank.net/) currently offers an opportunity for storage of these images, and this can be done separately from label data and legacy data.  Larger institutions may want to store their own database locally, but smaller institutions do not have the resources to adequately store and curate data.  We need to provide server space for these collections, separate from the collected dataset.  Along with the storage of label data and specimen data, it is critical that we maintain long-term storage and curation of annotations.  The information that can be contained in the collected comments from experts needs to be maintained with the specimen data, since these comments will enrich the value of each specimen.  

