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We believe that the best approach to maintaining concept mapping in a universal, updatable, and optimally functional way is by applying a system that recognizes taxonomic schemas (a set of concepts developed by an originating author, hereinafter “Taxschema”), with the taxonomic units identified by that author defined by combinations of one or more Taxonomically Useful Monads or Least Divisible Taxonomic Units (the smallest units applied in the taxonomic group, hereinafter “LDTUs”).  
In a relatively simple but representative example (see Figure X), the currently recognized genus Cleistes in North America is followed through time and shifts in taxonomic understanding of the group.   In Taxschemas 1, 2, and 3 (used from 1753 until 1946), only a single taxon was recognized, though it was shifted in generic placement from Arethusa to Pogonia to Cleistes.  Taxschemas 1 and 2 may be considered to be of historical interest only, as little or no modern data (biodiversity conservation data, floristic treatments, ecological plot data, etc.) are associated with these Taxschemas.  Taxschema 3, however, which Ames originated in 1922, has been in regular usage in publications as recent as 1991 (Gleason & Cronquist 1991, a still very influential and widely used floristic manual) and is therefore relevant.  Taxschema 4, originated by Fernald (1946), began the recognition of 2 taxonomic units, with the rank applied (variety or species) and the generic placement (Cleistes or Pogonia) varying in Taxschemas 4, 5, and 6.  Most recently, there are suggestions that C. bifaria consists of two units, possibly to be formally recognized as taxa, so Taxschema 7 represents an informal taxonomy that has not yet been formally published.  At the present time, potential future Taxschemas may a. formally recognize 2 taxonomic entities in C. bifaria (as varieties, subspecies, or species) and also potentially b. accept the submersion of Cleistes into Pogonia (which may be warranted on phylogenetic grounds) but recognize 3 taxonomic entities in the group.   

In each of the Taxschemas, the precise circumscription or concept of each taxonomic unit (and associated name) is defined by one or more LDTUs.  Essentially, there are have only been three different approaches relative to the units themselves (though taxonomic ranks, generic placement, and therefore names differ further):  recognition of one unit (Taxschemas 1, 2, and 3), two units (Taxschemas 4, 5, and 6), or three units (Taxschema 7).  These can be precisely and explicitly defined by reference to the LDTUs:  in the last 250 years, (A+B+C), (B+C), A, B, and C have been recognized as taxonomic entities.  A+B+C has had 3 names applied to it, B+C has had 3 names applied to it, A has had 3 names applied to it, B has had one name applied to it, and C has had one name applied to it.  Note that “Cleistes divaricata” can mean either (A+B+C) or A.
In order to employ the “Least Divisible Taxonomic Unit” approach, the following steps need to be taken.
1. Select a taxonomic group, such as a genus.  The genus is probably the generally most practically sized unit to use, though small families could be done as a unit, and in large complicated genera (particularly where taxonomic works and therefore Taxonomic Schemas are often by units smaller than the genus (such as the section level in Carex), these finer level units may be more practical.  
Approach A.  Taxonomic.

2. Identify taxonomic schemes (such as monographs and other different taxonomic treatments) that have been applied and are still in relevant usage (historic Taxschemas that are not in relevant usage are optional).  The more broadly this can be done geographically, the better.  One starting point is to look at recent floristic literature (such as Weakley 2008) that gives references to major taxonomic treatments for each genus or family.  Also potentially helpful is IPNI (to search for recently published names that apply to the Southeast), Google Scholar, and other search engines.  Note that these schemes should include traditional taxonomic and floristic works based on Linnaean nomenclature, but could also include node-based phylogenetic units (Phylocode) or informal “populations” (such as the Snake River population of the sockeye salmon [Oncorhynchus nerka], listed by the U.S. Fish and Wildlife Service as Endangered, whereas other populations are not listed or listed as Threatened).
  
3. Determine the Least Divisible Taxonomic Units (LDTUs).  One approach to this is toExample:  In Cleistes there are 3 LDTUs (A, B, and C), which for ease of communication can be called “divaricata s.s.,” “bifaria Coastal,” and “bifaria Mountain.”
4. For the area of interest, select which taxonomic works need to be related to the Taxschemas to provide the needed data integration function.  For instance, to develop an accurate map of the state and county distribution of the Southeastern flora, avoiding the data misattributions and inaccuracies of Kartesz (1999) and USDA Plants (2008), involves the relationship of major state and regional floras to the Taxschemas, as well as any additional sources of target data, such as online distributional county checklist databases (examples: Virginia, Tennessee, Florida) which may differ slightly or greatly from published floristic manuals. 
5. Relate the selected taxonomic works to the Taxschemas

This approach can be applied to secondary data sources (floristic treatments, online checklists) or to primary data sources, the museum specimens themselves.  Specimen labels and annotations (which are often associated with a published taxonomic work) can be the basis for the assignment of a specimen to a LDTU.   Novel and ad hoc units may be usefully used as well.  For instance, the taxonomic identity of some poor quality specimens of Cleistes from the Coastal Plain are ambiguous because of the absence of morphological features necessary to distinguish (in Taxschema 6) between C. divaricata and C. bifaria.  One could simply fall back to (electronically) labeling such a specimen as LDTU (A+B+C) (C. divaricata in the broadest sense), but the geographic location where the plant was collected allows one to deduce that it cannot be LDTU C, so more information is carried by labeling it as LDTU (A+B).
A database structure is needed to efficiently allow population of Taxschemas and LDTUs.  

It seems that the Thau & Ludäscher 2007 should be substantially addressed and cited in our proposal…
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Impacts

1. Endangerment status tracking of taxa of conservation concern is undermined by disconnected, non-integrated information, making it hard for a jurisdiction (such as state Natural Heritage Program) to know that a taxon is present, and to evaluate its rarity.  Needed information my be lacking or inaccessible, or misinformation may obscure  the true conservation status of the taxon.   NatureServe  … 
2. Application in the Southeastern Atlas project (UNC and SERNEC; see prototype at www.herbarium.unc.edu).

3. Improved ability to combine datasets for ecological studies (see Carolina Vegetation Survey…)
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