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A.  Introduction

Use of the term ‘Virtual Herbarium

This phrase has come to mean all the activities that result in a web-searchable database of herbarium specimen data and images.  

History of The New York Botanical Garden’s Virtual Herbarium

In 1990, during the development of The New York Botanical Garden’s first Long Range Plan, Science Division staff articulated the need for improved access to computer technology, including a database system for managing specimens and connection to the Internet.  A systems plan for computing at NYBG, calling for the establishment of a Computer Services Department with staff in the areas of training, network operations, and program development for Science and Horticulture resulted from this exercise.  In 1993 this new department was created; work began on development of a specimen database, known as NYpc, and a link to the Internet for email purposes is established.  In 1994, CATALPA, the on-line catalog of the NYBG library, goes live on the Internet.  

NYpc became fully operational in 1995.  With the addition to the staff of a Database Manager and two full time specimen catalogers, the databasing of herbarium specimens began in earnest.  Funding was obtained for the development of CASSIA, the database system that would incorporate the functions of NYpc and include tools to assist scientists in all aspects of gathering, analyzing, and synthesizing specimen-based research.

 Data from NYpc were first  published on the Garden's World Wide Web site in 1996, when approximately 10,000 records (transcriptions of label data from vascular plant type specimens) became are available for searching in a crude but functional way (using the GOPHER protocol).  By 1998, the total number of specimen records in the NYpc database reached 250,000, and the NYBG web site was upgraded to include state-of-the-art searching of specimen records and simple mapping capabilities.   Index Herbariorum, a searchable guide to the herbaria of the world compiled by Drs. Patricia and Noel Holmgren, was added to the web site.

The Herbarium Imaging Laboratory was established in 1998 and an Imaging Coordinator begins to capture images of herbarium specimens to be shared via the World Wide Web. Data transcription for the approximately 90,000 type specimens was completed in January 2001, and became available for searching via the web.  The imaging of the vascular plant type specimens was completed in May, 2003.

In January 2004, the approximately 700,000 specimen data records and 90,000 specimen images amassed in the original NYpc software were transferred to a new database platform, KE Software’s KE EMu product.  The format for the web searchable data was also updated, with additional search and display capabilities. The new interface for the Virtual Herbarium went live in late 2004.

Goals of the Virtual Herbarium

· to make specimen data available electronically for use in biodiversity research projects by NYBG staff and scientists around the world

· to reduce handling of specimens by supplying data transcription and images for uses that do not require direct examination of specimens

· to reunite data elements (e.g., photographs and drawings, manuscripts, published works, microscopic preparations, gene sequences) derived from a specimen with the catalog record for that specimen

Purpose of this Guide

The purpose of this guide is to lay out the governing principles and procedures that have evolved over the ten years of experience with the NYBG Virtual Herbarium. Hopefully this document will be useful in future years in explaining the rationale behind the approach taken and decisions made along the way, and may be useful to other institutions who are just now embarking on a Virtual Herbarium project, or searching for comparative or benchmark data.

Virtual Herbarium  Management

Selection criteria for VH projects

A Virtual Herbarium project is one in which data digitized from the New York Botanical Garden Herbarium from is made available for searching through the world wide web. The concept of projects within the Virtual Herbarium is important from the point of view of funding and management.  

Specimens digitized for a Virtual Herbarium project are united by a biologically important commonality, e.g., type specimens, all specimens of a taxonomic group, specimens collected in a particular geographical area, or a common ecological feature or life strategy , such as invasive species.  A small number of specimens that are cataloged do not belong to a particular project, for example, those specimens are cataloged in response to data requests (i.e., e-loans, in lieu of physical loans).  Such specimens are still available for searching, although they do not have a separate project page or index.   

Projects are prioritized based on the need for the data by staff or collaborators, or by major collaborative biodiversity information management projects.  Projects with the greatest demonstrated need are generally those that are the most likely to attract funding.  Projects also reflect systematic interest, expertise and depth of collections within the institution.  Quality of determinations and state of curation are also criteria that influence choice of projects, as is the presence of supplemental data that can be associated with the transcribed specimen information.  Supplemental data include unpublished notes, illustrations, or analyses based on morphological, chemical or molecular studies.

Requirements for a Virtual Herbarium Project:

Estimates given here are based on a typical project with a digitization rate of 10,000 specimens per year, with ‘digitization’ in this context including transcription of specimen data, imaging each specimen, and supplementing each record with geocoordinates.   These estimates are a general guideline only – factors that will influence the actual cost include the type of organisms, the degree of curatorial attention, the size and storage method of the specimen, and how recently the specimens were collected.   
At NYBG, an FTE employee works 35 hr/wk (or 7 hr/day) and has 12 paid holidays, 14 to 20 paid vacation days, and can use 1.3 sick days per month. Therefore, an FTE works approximately 1500 hr/year. This figure is the basis of the following requests for personnel.  The salary structure at NYBG is on par with that at other cultural institutions in the New York City metropolitan area.  The high cost of living in this region dictates that salaries at the NYBG will be higher than for comparable positions at institutions in other areas of the country.  
Personnel: 

Data Entry staff:  Specimen Catalogers and Imagers.   These staff  to pull specimens from the herbarium for the project, barcode specimens, create catalog records, and eventually re-file the specimens.  We budget for a data entry rate of approximately 10 specimens per hour, or roughly six minutes per specimen.  A successful specimen cataloger typically has a bachelor’s degree in biology, and experience with natural history collections.  Additional useful skills include a good knowledge of world geography, familiarity with the Code of Botanical Nomenclature, knowledge of Spanish and/or Portugese, and a knowledge of botanical history. Basic keyboarding skills, facility with the World Wide Web and with database applications are also key. 

 Imagers:  To pull specimens from the herbarium, capture digital images following the guidelines established for the project.  Most imagers begin as catalogers, so they are well familiar with handling herbarium specimens and the data they contain.  Photography experience is helpful, but the cameras are set up so that composition and focusing are minimized.  The image processing is automated so that extensive knowledge of photo manipulation is not necessary. Flowering plants are the easiest specimens to photograph, because the sheets are a standard size; bryophytes are more irregular in shape, and fungi are not only irregular but fragile and awkward to photograph. Imaging of supplemental information (e.g., text, field books, notes) can sometimes be done with a flatbed scanner; if a book scanner is required, then additional training is needed on this equipment.  Educational requirements

Bioinformatics Manager: responsible for, establishing procedures for documenting the supplementation of geographical information for type specimen collection sites, coordinating the needs of this project with other current specimen cataloging projects, recommending any changes needed to the database system in order to expedite this project, and developing any special functions of the web interface to project data, such as special searches or mapping functions.   

Digitization Manager will oversee the digitization process, and edit and archive the images, and manage and edit multimedia module of EMu, where the “live” copies of these images will reside.  
Data Manager (this position sometimes is combined with Bioinformatics Manager): The Data Manager will coordinate and oversee work of the cataloger(s) and imager(s);  oversee importation of data into the KE EMu system relevant to this project (taxonomic names and literature citations for type specimens; collectors, names of collection sites); verify types and attach taxonomic documentation to type records; provide modern equivalents for historic collection locations, including geocoordinates (in collaboration with Bioinformatics Manager). 

	Calculation of cost per specimen, based on 10,000 specimens, based on fy 2004/2005 salaries and fringe benefit levels
	

	Category of work
	Job title
	FTE required
	work
	Cost per specimen

	Specimen Cataloging
	Specimen Cataloger
	1
	Database specimens 
	$3.40

	
	Bioinformatics Manager/Project Manager
	0.5
	Select specimens and material for digitization; review, edit, update, publish records created, 
	$1.30

	Specimen Imaging
	Specimen Imager
	0.5
	Capture images of specimens and supplemental items 
	$1.70

	
	Imaging Manager
	0.25
	Edit, archive, review metadata and publish images 
	$1.30

	TOTAL
	
	
	
	$7.70


Equipment required for a typical Virtual Herbarium Project

Computer Hardware: The Garden has a 450-user institutional network running under Novell Netware 5, IBM AIX, SUN Solaris, Windows NT and Windows 2000.  It includes 20 fileservers for departmental applications and files, the on-line Library catalog, image storage, network backup facilities, E-mail and the NYBG web site.  A checkpoint firewall has been installed to provide security from outside intrusion.  The Garden has a T-1 Internet connection, and users currently have access to E-mail (Microsoft Exchange Mail), telnet, and the World Wide Web.  Every workstation in the Science Division has access to the institutional network and to the Internet, and uses Windows /98/NT/2000/XP as the operating system.  The Microsoft Office suite of programs (including word processing, database, spreadsheet and presentation software) is available on all institutional PCs.  Every staff member in the Herbarium is assigned a workstation and there are approximately 20 additional computers available for use by visitors and interns.  Specimen cataloging using the KE EMu system requires a Pentium 4 PC or equivalent with a minimum of 512 mB of RAM.  A flat-screen 17” monitor is best in terms of eye comfort, desktop space-saving, and energy conservation.  A computer equipped in this manner costs approximately $2000.

Computer Software: For the Virtual Herbarium, the Garden uses KE EMu, developed by K E Software (17).  The database engine underlying KE EMu is KE Texpress, an object oriented database management system. KE Texpress is an open system, non-proprietary database engine with support for many popular software standards, including SQL, ODBC, HTML, Visual Basic, C/C++, Java and JavaScript.  It uses client/server architecture with Microsoft Windows 95, 98, NT and 2000 Client workstations connected to UNIX or Windows NT/2000 servers.  KE EMu allows for easy sharing of data and linking to other on-line databases, for example, The NYBG Virtual Herbarium is linked via the DiGIR software to the GBIF data portal (11).  NYBG is a charter member of the EMu Natural History Users Group, which works to advise KE Software on enhancements that meet the need of large natural history museum collections and the scholars who use it.  

Imaging Equipment

Specimen images: Images of the vascular plant type specimens were captured with a Kodak DCS 760  instant capture camera, that yield images at 3000 X 2000 pixels, or roughly 17 MB per raw (TIFF image).  Although quite sufficient in detail for viewing over the web, these images are not sufficiently high resolution for other uses, e.g., OCR conversion of label data, etc.

The new specimen photographic setup for herbarium specimens uses an Eyelike Precision  M22 Digital Back camera manufactured by JenOptik, which captures 5433 X 4000 pixels per image capture.   The camera back attaches to the Digiflex 45ei  4” X 5” camera system mounted on a TTI Repro-Graphic copystand system. The raw images captured by this camera are 200-300 MB in size.  The lighting system includes Quartz halogen TTI-400DL Day Lighting System, and are mounted on a heavy duty Matthews Light stand for additional flexibility.  A vacuum pump is hooked up with a variable voltage transformer to control the amount of suction from zero to 100%.  The vacuum feature is utilized to hold the specimen sheet as flat as possible for even lighting distribution.  The camera is operated through an Apple G5 computer with resolution 21” monitor; full resolution images are archived to a 4 terabyte archival storage system; reduced resolution images are uploaded into the database.
Micrograph capture: For the capture of images through a stereo (dissecting) or a compound microscope, equipment required will include:

· microscope with trinocular head

· dissecting scope with trinocular head a fiberoptic lighting system

· camera such as the Paxcam, Olympus DP70  or DP12-2 Digital Camera with high resolution (3.5 megapixels or more), good color depth, measurement tools, etc.

Flatbed scanner: Flatbed scanners are used for loose sheets of information related to specimens, e.g., notes, correspondence, typescript.

Slide scanner:  for photographic slides (transparencies).

Book scanner:  for pages of bound books, including library materials.  The current book scanner captures only black and white images; the new Jenoptik camera set up will be used for color images of plates from books as needed.

Indirect costs of a Virtual Herbarium Project
 Each Virtual Herbarium project has indirect costs associated with it for general oversight of the project. A herbarium administrator must assume responsibility for raising funds for a project, and for hiring and supervising the staff for this project, for managing the budget, publicizing the project and for making sure the needs of this project are considered in the overall management of the Virtual Herbarium.  Project management costs approximately $1.00 per specimen for the duration of the project.    

Image archiving:  Capture of high resolution images results in very large image files.  For a project involving 10,000 specimens, where a high resolution image is captured of each, the amount of storage for raw images will be approximately 2 terabytes.  The derivative jpeg images will require approximately 6 Gigabytes of storage.   A recent quote gives a price for archival storage of $5.51 per gigabyte.

Alternatively, images can be stored on CD or DVD media; however, image retrieval will be far more difficult. 
Maintenance:  New specimens that logically belong to projects already completed are  acquired every year, and these must be cataloged and imaged before they are filed in the herbarium.  For a 10,000 specimen cataloging project, each year and additional 1oo specimens that fit the criteria for this project will be received each year.  Thus, the cost of adding these additional records to keep the catalog up to date will be approximately $770 per year. 
Data transcription 

Data Supplementation

The first Virtual Herbarium project with a central data supplementation component is the Macrofungi Type Specimen Project, so the procedures described below are based only on the experience of this project.  These procedures will be carried out after the specimens have been cataloged and imaged.  

For each of the major scientists whose specimens are represented in the project:

· Develop a bibliography for the mycologist; enter bibliographic records into Bibliography module of EMu.  Sources for bibliographic information include necrology, probably published in a scientific society journal (use indices), Taxonomic Literature II (for pre 1950 authors; lists books and sources for  complete bibliography), CATALPA; other on line catalogs.  Record this information in Bibliography spreadsheet: co-author; year, title or article or book; journal title, volume, page range, publisher (for book).
· Obtain copies of all publications in which new species of macrofungi are described; photocopy, where possible; bookmark articles.  Enter all names of species described by mycologist into Taxonomy module (include literature citations) (either directly into EMu, or on to spreadsheet); tag pages for imaging (protolog and any associated images)

· Scan protologs and published images; associate with Taxonomy record

· Extract and database all of mycologist’s type specimens in herbarium; record types of supplemental data stored with specimens (record on supplemental data spreadsheet); create a  subproject name for all catalog records for mycologist’s types for ease of grouping.  Resolve any discrepancies between specimen set and species name set.

· Prepare specimens for digitization: tag those items to  be digitized ; summarize data on spreadsheet.  Image specimens and supplemental data stored with specimens; associate with Catalog record.

· Create high-quality prints of all digitized supplemental documentation; place print with specimen, place originals in archives

· Prepare a spreadsheet report summarizing all data entered so far for species; Taxonomic data, specimen data, specimen/species images, supplemental data images.

· Review archival holdings for supplemental data pertaining to type specimens; compare with data in herbarium; tag items for digitization; 

· Digitize archival holdings that are not in published information about specimen or stored with the specimen itself

· Synonymy:  determine currently accepted names for species, as far as practical.  Develop a bibliography of recent literature for taxonomic groups in this collection; search for names; enter more recent homo and heterotypic synonyms 

· Edit data; fill gaps where possible; Release data to web; review.

References for Data Entry and Editing

Taxonomic Name References:

References for checking spellings, authorities, classification, synonymy, publication citation, type status

Index Nominum Genericorum

http://ravenel.si.edu/botany/ing/
The Index Nominum Genericorum (ING), a collaborative project of the International Association for Plant Taxonomy (IAPT) and the Smithsonian Institution, was initiated in 1954 as a compilation of generic names published for all organisms covered by the International Code of Botanical Nomenclature.

IndexFungorum; a.k.a. funindex This database contains  over 345,000 names of fungi (including yeast, lichens, chromistan fungi, protozoan fungi and fossil forms) at species level and below. It has been derived from a number of published lists including Saccardo’s Sylloge Fungorum (contributed by SBML, USDA), Petrak’s Lists, Saccardo’s Omissions, Lamb’s Index, Zahlbruckner’s Catalogue of Lichens (comprehensive for names at species level only but with an increasing number of names of infraspecific taxa) and 

CABI’s Index of Fungi.http://www.indexfungorum.org/Names/Names.asp
Index of Plant Names – Authors  -- to check spelling and abbreviations for author of plant names (From Brummitt and Powell) http://www.ipni.org/ipni/query_author.html
International Mycological Institute's Index of Fungi, 1940-1980. A database on the International Mycological Institute's Index of Fungi, covering 1940-1980, is available. It can be searched by genus or species of fungus and gives the reference (volume and page) to the Index of Fungi.

IPNI  (International Plant Names Index)

http://www.ipni.org/index.html
A database of the names and associated basic bibliographical details of all seed plants.  Search by plant names, authors or publications

TROPICOS (VAST)

http://mobot.mobot.org/W3T/Search/vast.html
Search names, publications or authorities in Missouri Botanical Garden’s TROPICOS database for seed plants; data linked to NYBG specimen data

TROPICOS (MOST)

http://mobot.mobot.org/W3T/Search/most.html
Search names, publications or authorities in Missouri Botanical Garden’s TROPICOS database for bryophytes; data linked to NYBG specimen data

Bibliographic/Biographic references

 References for citations of publications, or information on collectors, determiners or authors

Catalpa

http://librisc.nybg.org/screens/opacmenu.html
On-line public access catalog of the Lu Esther T. Mertz Library of the New York Botanical Garden

NYBG Archive and Manuscript Collection

http://sciweb.nybg.org/science2/libr/finding_guide/index.asp
biographical information and index to unpublished holdings by former NYBG scientists and associates

Index Hepaticarum

http://sciweb.nybg.org/science2/ih/searchih.html
Index to the address information, staff members and staff specialties for the world’s 3000+ herbaria



Geographic references

Sources of georgraphic coordinates, higher political units, spelling of place names, etc.

     

Getty Thesaurus of Geographic Names  
http://www.getty.edu/research/tools/vocabulary/tgn/index.html 
Provided as part of the Getty Vocabulary Program of the Getty Research Institute, this Thesaurus of Geographic Names (TGN) allows you to enter a place name or browse the world for information about places.  Enter a place name and receive physical features, political entities, and sources for the information given.
 
Perry-Castaneda Library Map Collection 
http://www.lib.utexas.edu/maps/world_cities.html
Collection of mostly older maps from the University of Texas at Austin.  Maps were produced by the U.S. Department of State unless otherwise indicated.  Includes a link to Other City Map Sites which is a list of links to other map services for up-to-date maps as well as specific cities.


TopoZone
http://topozone.com/default.asp 
In cooperation with the USGS, this site provides every USGS 1:100,000, 1:25,000, and 1:24,000 scale map for the entire United States and Alaska (1:63,360).  Puerto Rico (1:20,000) is coming soon.  Appropriate for topographic map users and outdoor recreation enthusiasts. 

U.S. Census Bureau's Maps and Cartographic Products
 http://www.census.gov/geo/www/maps/
  

U.S. Gazetteer  
http://www.census.gov/cgi-bin/gazetteer
From the U.S. Government, this allows you to type in a place and get the population, location in longitude and latitude and zip code(s) of the place.  If you type in a zip code, you get the place name, population, and location in longitude and latitude.  You may choose to get a map of the area where you can then zoom in or zoom out and add features such as highways, railroads, etc.
United Nations Cartographic Section
More than 100 General Maps are available currently. Maps are in PDF format for best display and print results

Library of Congress' American Memory Project
Collection of U.S. maps from 1500 to 2004

Other References

International Organization for Plant Information
Checklist of Online Vegetation and Plant Distribution Maps
USDA Plants Database
Center for Aquatic and Invasive Plants
Center for Plant Conservation
Families of Flowering Plants
Introduction to the Fungi
Marine Plants
IUCN Redlist of Threatened Species
Monthly reports

C.  Publication of a Virtual Herbarium project

Criteria for publication.  The KE EMu software allows for newly entered records to be published instantly to the web – as soon as the record is saved.  Specimens can also be withheld from publication on a record by record basis. Therefore, specimens cataloged as part of a project, if released for publication, can be viewed through general searches of the database immediately.  However, most projects are interested in having search functions that are limited to the record set for this project, for the convenience of users.  Separate project pages can be set up whenever the project is ready to do so.  For a set of records to be considered as a project, there must be a logical taxonomic or geographic basis for it, it must complete (or progressing toward completion), and it must have a manager (i.e. someone designated to respond to queries, provide additional data, etc.).  A project catalog consists of the following:

· Opening page with some text, possibly images or links relating to the project.  Should include the start date of the project, criteria for inclusion in the project, and the objectives of the project. 

· A “checklist” – a dynamic list of the species included in the project, arranged by family (clicking on a species name in the list executes a search on the records for specimens with that name

· An “advanced search” feature, where queries can be created based on other criteria (e.g., geography, date, collector, etc.)

Information made available through the Virtual Herbarium

Search Details page.  A query generated through clicking on a checklist name or by entering data into a fielded search displays results first on a page entitled ‘Search Details.’  This page displays data in a tabular format with the following columns:

· Thumbnail of image

· Taxon information (genus, species, author)

· Collector (lead collector name, collection number, team members, collection date)

· Location (country, state/province, county/municipio, specific locality)

· Type status

· Barcode number

Specimen Details page.  Clicking on either the thumbnail image or the taxonomic name takes the user to this page.  It gives details about the individual record, including family name, name under which the specimen is filed in the herbarium, other determinations that have been applied to the specimen, the location information, including elevation and geocoordinates, if available, collector name and number, description information and notes.  Multimedia associated with the catalog record are shown in thumbnail form, with title and description.

Taxonomy Details page.  Clicking on the highlighted taxonomic name takes the user to the this page, which gives the name, literature citation, and description for the taxon.  Multimedia may also be added.

Bibliography Details page.  Clicking on the highlighted title of the publication on the Taxonomy Details page lead the user to this page, which gives the author, title, citation and keywords or notes.  Multimedia may also be added.

Person Details page. Names of people in any module are linked to this page, which gives the full name, birth and death dates, roles (e.g., author, collector, determiner), specialties (groups of organisms, geography) and roles.  Multimedia may also be added.

Screening sensitive information 

In an effort to meet our obligation to protect populations of endangered species from over-collection, specific locality information are not shared over the web.  The data are entered into the database, but are removed by a utility before serving on the web These data are made available to researchers on request. We are aware that making our herbarium specimen data available involves striking a delicate balance between access to data that are important to research and the potentially reckless posting of sensitive information. As reference sources for which records should have locality information screened from general view, we  remove portions of records for species listed in the United States Federal Endangered Plant Species list and in the IUCN Red List of Threatened Plants .  CITES Appendix I and II species are also screened. We respond to requests to screen data for species that are not listed but are endangered in some area of their distribution range.  The locality information is blurred on the specimen labels in the images for these species.  All locality data below the level of county or municipio are removed or blurred.  These data may be made available on demand to individual users.  

Data downloads

Data are downloadable from the Specimen Details page, in the csv (comma separated value) format.  These data can be opened with a spreadsheet program such as Excel, or imported into a database program such as Access.  There is an upper limit of 1000 records for any given download.  Larger sets users must requested from the Virtual Herbarium staff (vhnybg@nybg.org)

Feedback from users

Users occasionally send corrections to data displayed on the web via email.  Such contributions are reviewed and the data are changed, or the comment is noted in the database if relevant.

Terms for use of data

Use of data from the NYBG –VH has few restrictions, although the data are intended for scientific use only, and not for the purpose of commercial plant collection.  Acknowledgement is requested in publications or websites that user specimen data or images from the NYBG-VH.  Modest fees are charged for requests of large image files (TIFF format)  for use in publication; there is no charge for the use of the web-viewable image files (JPEG format)

Citation of Site

Users should cite this resource as:  The New York Botanical Garden Virtual Herbarium, http:// http://sciweb.nybg.org/science2/VirtualHerbarium.asp

Use Tracking

Each month a report is generated using a tool entitled Webtrends.  This report tracks the number of user views and the duration of visits to NYBG web pages, and gives some clues to use through statistics such as the common paths taken through the website and also common exit pages.

