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1. Background and overall GOALS

The Federal Geographic Data Committee – Biological Data Working Group (FGDC-BDWG) has been charged with development of a standard for cross-referencing biological nomenclature and taxonomy (http://biology.usgs.gov/fgdc.bio/standard.html). The Integrated Taxonomic Information System (ITIS, a collaborative effort of US, Canadian and Mexican government agencies) is interested in participating in the development of these standards.  The Association of Biodiversity Information (ABI) and the Ecological Society of America Vegetation Panel (ESAVP) have been collaborating to develop a model appropriate for tracking within a single database taxa recorded by multiple investigators conforming to multiple and evolving taxonomic standards. The candidate model was developed in part based upon the more than 25 years experience of TNC Science Division (now ABI) and the Heritage Network in managing taxonomic and nomenclatural data reflecting differing opinions among various national, subnational, and regional Heritage programs and conservation data centers and cooperators.  

ABI & ESAVP organized this meeting with the overall objective of reviewing and evaluating their model in preparation for possibly presenting it as a candidate for consideration by FGDC.  Meeting participants were invited to evaluate and potentially refine the ABI-ESAVP data model and to compare it with alternative possible data architectures. We were particularly interested in the challenges posed by broad, international application, as well as the initial population of the critical data tables. 

2. specific mEETING OBJECTIVES

1. Consider a candidate data model (developed by ABI and ESAVP) that might provide a core framework for establishing a biological nomenclature/taxonomy standard:

· Evaluate the core concepts of the data model;

· Identify flaws, missing elements, and other issues;

· Articulate requirements for integration with other standards;

· Identify desirable additions and refinements.

2. Discuss issues identified by ABI & ESAVP as needing greater clarity:

· Circumscription definition;

· Model implementation and database population;

· Taxon status and change tracking;

· Integration with other databases;

· Interface tools.

3. Compare/contrast this candidate model with alternative models 

· Compare the IOPI model of Walter Berendsohn;

· Compare the fish model of Richard Pyle;

· Compare other models;

· Analyze the degree to which the alternative models incorporate the functionality of the candidate model;

· Analyze the degree to which the candidate model incorporates the functionality of the alternative models;

· Evaluate the degree to which the various models and their functionalities can be combined without sacrificing simplicity of design.

4. To identify basic areas of agreement on a model that could support a standard and critical issues for deliberation:

· Identify basic areas of agreement;

· Identify critical issues for further deliberation;

· Evaluate relationships to other on-going efforts;

· Identify next steps for development;

· Develop a strategy for communicating the results of the meeting.

2. PRESENTATION of the candidate model

Bob Peet (ESA-VP) and Steve Taswell (ABI) presented a candidate data model for consideration by meeting participants as a possible basis for establishing a biological nomenclature/taxonomy standard (see Appendices 1, 2, 3, and 4).  

The model was designed to contain specific critical functionality.

· The model distinguishes between a name entity (e.g., SCIENTIFIC NAME) and a taxon concept entity (e.g., CIRCUMSCRIPTION), thereby avoiding problems deriving from the multiplicity of meanings attached to organism names.

· The model includes a USAGE entity that associates a particular name with a particular circumscription.  This is an explicit recognition that one name can apply to many taxon concepts, and one taxon concept can be associated with many names.

· The model includes a PARTY entity and supports multiple party perspectives (acceptance statuses) on taxonomy and nomenclature (i.e., which names and taxon concepts to recognize, and how to link them). 

· The model provides the ability to track changes in the classification recognized by a party (e.g., changes in name, changes in preferred concept definitions, changes in rank or position in the taxonomic hierarchy, and lineage of a taxon as the result of splits and lumps), and to view the classification as recognized by a party at any given date, thereby facilitating citation of compliant databases in literature and legal contracts.

· The model supports the tracking of the correlation of accepted taxa with their conceptual synonyms as perceived by the same or a different party.  (A party is an organization or individual person that is the source of opinions on taxon concepts, names, and their interrelationships. A party, while active, can be expected to have changes in perspective.) 

· The model supports the listing of nomenclatural synonyms recognized by a party, as distinct from changes in taxon concepts.  This potentially increases the stability in the units tracked in various databases by different organizations because changes are needed only when the taxon concepts recognized by the party change.

The above design criteria can be seen to embed two key ideas previously developed in the systematics literature.

a)  
There is a many-to-many relationship between names and taxa.  A particular name may be applied to one or more taxa (biological entities), and a particular taxon can have one or more names.  The application of a particular name to a particular taxon represents a unique nomenclatural usage (Zellweger and Allkin, 1993).
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In this model, the taxon entity is intended to represent biological reality from the perspective of a particular party.

b)
There is a many-to-many relationship between names and references. A particular name may be found in one or more references, and a particular reference may contain one or more names.  Each instance of a particular name in a particular reference represents a unique ‘assertion’
.  
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In this model, an assertion is intended to represent a ‘potential taxon’ (Berendsohn, 1996) as documented in the literature.  

On the surface, these models appear to reflect competing principles.  The first assumes that the taxon concept represented by a record is fixed (despite variation in names or references for that concept) from the perspective of the party that manages the record.  This allows an organization to foster greater record stability in a network of distributed data centers (e.g., ABI for the Heritage Network) since changes in name or group membership that do not affect circumscription (in the judgment of that organization) do not require a new record.  In effect, a taxon record (the CIRCUMSCRIPTION entity in the candidate model) implicitly serves as a synthesis of one or more ‘assertions’ (i.e., name-reference combination) judged to represent equivalent circumscriptions.

The second explicitly ties the taxon concept to a particular name and literature citation (i.e., to an ‘assertion’).  This allows an organization to create records that can be objectively, unambiguously interpreted by any party at any time. 

The candidate model attempts to combine the core components of these models into a single model that provides complementary benefits (see Appendix 1).  It does this by requiring that a CIRCUMSCRIPTION (or taxon concept) have one REFERENCE and at least one USAGE (thus identifying the particular assertion [reference and name] used to initially create the record).  Furthermore, it allows each Party to independently associate additional assertions (i.e., references and names) to a CIRCUMSCRIPTION through the PARTY CIRCUMSCRIPTION-REFERENCE entity.

3. ALTERNATIVE MODELS & DISCUSSION

Following the general presentation of the candidate model, Walter Berendsohn and Richard Pyle each delivered invited comments based upon their work in developing, respectively, the IOPI standard and the fish database.  Despite differences in purpose and terminology, both emphasized a requirement in their models to recognize a name-reference entity (the ‘POTENTIAL TAXON’ in Berendsohn’s model, the TAXONREF in Pyle’s model) that could fix a taxon concept to a particular name in a reference.  In effect, they both emphasize the importance of the second of the two component models presented above.  Berendsohn further emphasized the similarity between the Party of the candidate model and the Reference of the IOPI model.  He asserted that most all of the functionality of the candidate model could be achieved through the IOPI model. In effect, the meeting participants were confronted with alternative models containing many similarities that probably could be used successfully for similar purposes.

4. WORK GROUP FINDINGS & DISCUSSION

In an effort to evaluate the relative importance of key components of the various models, and to see whether one clear favorite would emerge, the group divided into two smaller work groups.  Each work group was asked to prepare a model intended to address issues raised in the previous discussions (see Appendices 5 and 6).  On Friday, the two groups gathered to present their findings to each other.  The models paralleled each other in many respects.  Both incorporated entities with similar purposes: a Name-Reference or Assertion entity, and a Correlation or Correct Assertion entity.  The primary difference between models was in the distinction made by Work Group 2 between a Reference and a Party.  According to this model, a Reference (characterized by a date/time attribute) serves as the vehicle for documentation of an Assertion.  A Party, on the other hand, may serve as the author of a Reference and/or as the assigner of an acceptance status to an assertion (i.e., one who passes judgment on whether an assertion should be ‘accepted’ or treated as a ‘synonym’).  This distinction was the source of most other differences in the two models.

Work Group 1, rather than allowing a Party to fill the roll of status assigner, treated status assignation as an event that could be authored, date/time stamped, and recorded in the Reference entity.  This fundamental difference in Party entity relationships between the models developed by the two work groups was not resolved in the meeting.  

Lastly, neither work group established consensus on how to address the need for a particular party to synthesize multiple assertions into a stable circumscription as was presented in the candidate model.

5. CONCLUSIONS

Despite lack of time to resolve many issues, agreement was established in several areas.  These are itemized below, along with a list of unaddressed/unresolved issues identified in the meeting.

5.1 Areas of Agreement


· The core model should be based on 3 basic entities:

NAME

REFERENCE

ASSERTION (i.e., Name-Reference intersection). 
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Several systems already implement this core model (e.g., Berendsohn [IOPI] and Pyle), albeit using different terminology for an Assertion (e.g., 'Potential  Taxon', 'TaxonRef').  

Although all participants agreed that this point is the single most important and fundamental area of agreement, this agreement left unresolved the desirability of separating the components of ASSERTION into USAGES (a name-concept intersection entity) and CIRCUMSCRIPTIONS.  The Berendsohn –IOPI model combines these into “potential taxa” (albeit of different types), whereas the candidate model explicitly separates them and would equate only the circumscriptions with “potential taxa”.

· Three fundamental acceptance status values should be recognized reflecting a party's judgement concerning the validity of an Assertion: accepted, synonym, and unresolved.

· The model should include a CORRELATION entity.  This entity should relate two Assertions (directly or indirectly) from the perspective of a particular source (i.e., a Party at a particular time or a Reference).

· The model should include a LINEAGE entity.  This entity should relate two Assertions based upon their role as 'predecessor' or 'successor' in a classification change (e.g., a split, a lump) from the perspective of a particular source.  (Whereas a LINEAGE entity should be a standard component in the model, entry of Lineage data could be optional.)

· Party and Agent are synonymous terms and represent a single entity (hereafter called PARTY). 

PARTY and REFERENCE are distinct entities.  A Party may be an author to multiple References.  A Reference includes a unique attribute of date/time.  (Although agreement was established on the distinction between PARTY and REFERENCE, a formal definition for REFERENCE was not fully resolved.  REFERENCE was variously used to mean a literature citation, a log of decisions, or some combination.

· External data may be linked to ASSERTION in an optional extension to the core model.

5.2 Unaddressed/Unresolved Issues

Fundamental issues

· Should the separation of assertions into circumscriptions and usages proposed in the candidate model be maintained, should it be optional within the standard, or should the two types of assertions be combined into a single entity? 

If Model 1 is adopted (i.e., condensation into a single assertion entity), is a 'primary reference flag' needed (i.e., a flag that would allow a Party to indicate whether they consider a particular Assertion, among many correlated equivalent Assertions, to be the primary representative of the taxonomic concept)?  Does this flag belong in STATUS ASSERTION [Model 1] (comparable to  PARTY-NAME REFERENCE [Model 2]) or some  other entity?

· How should the concepts of Reference, Party and Event Log be reconciled? Are they effectively the same, or are there important differences that need to be recognized in the standard?

Should a new Reference or Event be created/logged when a Party makes a judgement on the status of an Assertion?  This would make it possible to use a Reference (representing a Party's communication to itself at a particular date and time) as a determining factor in a Status Assertion (see Group 1's model).


Alternatively, should a Reference only be used for primary Assertions (i.e., representing relatively persistent documented statements about a name and a taxon) and not for relatively dynamic secondary interpretations or judgments on the acceptance status of an Assertion.  Accordingly, a Party may recognize an Assertion directly, yet track changes in their status assignment for that Assertion in a separate date-stamped entity (see Group 2's model).


How should the model incorporate an EVENT entity to track classification events (e.g., splits, lumps, name changes, position changes, etc.)?

· How should the classification hierarchy be implemented within the model?

Additional issues


· How should name spelling variants be handled?

· How should entity relationship lines to CORRELATION be handled? CORRELATION could be represented as a child entity with parents a) STATUS ASSERTION and ASSERTION, or b) STATUS ASSERTION and STATUS ASSERTION, or c) ASSERTION, ASSERTION, and PARTY.

· How should the model handle objective vs. subjective synonymy?

· Should hybridity be included as an attribute of NAME or ASSERTION?  Does the assumption of hybridity affect the fundamental taxonomic concept?

· How should novel combinations of species names (e.g., the genus name and species epithet) be handled?

· The model needs a definition for the NAME entity.  If a Name is an abstraction, what does a Name record represent?

· Does the model need to include common names?

· Choice of terms for the various entities.

APPENDICES

Appendix 1 – Candidate Conceptual Data Model


[image: image4.wmf]Concept.pdf


Appendix 2 – Candidate Logical Data Model
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Appendix 3 – Legend of Notation Used in the Candidate Data Model 
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Appendix 4 – Entity/Attribute Definitions for the Candidate Data Model
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Appendix 5 – Work Group 1 Model
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Appendix 6 – Work Group 2 Model
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�  The term ‘Assertion’ was introduced at the meeting by Richard Pyle.  This replaced the phrase, ‘Name-Reference’, initially used in the presentation.  For purposes of simplicity and clarity, the term ‘Assertion’ is used in this summary.
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Entity Name

Entity Definition

Attribute Name

Attribute Definition

Attribute Domain Values



BIODIVERSITY UNIT

A generic term for any distinct component of biological or ecological diversity including taxonomic units (taxa) and ecological types (communities).

circumscription id











other data











biodiversity unit id







CIRCUMSCRIPTION

"Of a taxon: the diagnostic limit separating the individuals that belong to a taxon from all other individuals; also used to mean the sum of the individuals within that limit." (from: An Annotated Glossary of Botanical Nomenclature, 1968).


Circumscriptions may be formal (e.g., Carya aquatica sensu Flora of North America, Vol. 3, 1997) or informal (e.g., Carya glabra sensu Kartesz, 1980).


A circumscription must have an initial reference and an initial name usage.  Once assigned, these may not change since together they define the circumscription.

circumscription id











circumscription number

A system generated sequential number that uniquely identifies a circumscription.  It is used by the user as a quick means of retrieving a circumscription.









initial circumscription reference id

The identifier for the reference initially used to record this particular circumscription in the database.  In practice, this may not necessarily represent the original formal circumscription, but by inference defines the taxon and can later be used as a basis for tracing the literature back to the formal circumscription.  A circumscription must have an initial reference.





CLASSIFICATION FRAMEWORK LEVEL

A vertical position in a classification framework.  For levels within taxonomic systems, also known as a 'taxonomic rank'.

required level indicator

The code that indicates whether this level is a required level in this classification framework.

yes


no







direct superior level id

The identifier of the level that is directly above this level in this classification framework.









required superior level id

The identifier of the next higher required level above this level in the classification framework. The required superior level will not always be the same as the direct superior level.









classification framework level id

The identifier of a level in a classification framework.









level name

The name of a level in a classification framework (e.g., kingdom, phylum, class, order, family, genus, species).

Examples for plants:


Kingdom


   Subkingdom


Division


   Subdivision


Class


   Subclass


Order


   Suborder


Family


   Subfamily


   Tribe


   Subtribe


Genus


   Subgenus


   Section


   Subsection


   Series


   Subseries


Species


Subspecies


Variety


Examples for animals:

Kingdom


   Subkingdom


   Superphylum


Phylum


   Subphylum


   Branch


   Superclass


Class


   Subclass


   Infraclass


   Cohort


   Superorder


Order


   Suborder


   Infraorder


   Superfamily


Family


   Subfamily


   Tribe


   Subtribe


Genus


   Subgenus


Species


Subspecies







classification framework id







CORRELATION

The relationship between two circumscriptions from the perspective of a particular party.  This entity allows a party to relate circumscriptions that are standard (i.e., accepted) to those that are not and to describe that relationship (broader, finer. intersecting, equal, identical, unknown).

party id











x to y correlation code

The code that represents how a party relates one circumscription to another.

broader


finer


intersecting


equal (approximately)


identical


unknown







circumscription y











circumscription x







d CLASSIFICATION FRAMEWORK

A domain entity for tracking different systems or frameworks for arranging similar taxa into groups.   A classification framework defines a generic structure (typically hierarchical) for classifying taxa, independent of the actual taxa found within a particular geographic area (i.e., independent of a particular 'treatment').

classification framework id

The identifier of a classification framework.









classification framework name

The name of a classification framework.

Examples:


Plant


Animal



LINEAGE

A predecessor-successor relationship between two circumscriptions where one circumscription is a precursor to the other through some classification event (e.g., a split or lump).  A chain of predecessor-successor relationships constitutes the taxonomic history of a circumscription as it is reflected in the database.  This history will parallel actual events in the literature only to the extent that a complete set of circumscriptions and lineage relationships are recorded in the database.

predecessor id











successor id











party id







PARTY

An individual or organization (e.g., institution, agency, office, department).

party id

A unique, system-generated identifier for a party.









party name

The name of a party.





PARTY CIRCUMSCRIPTION STATUS

The acceptance status assigned by a party to a particular circumscription.

circumscription id











party id

A unique, system-generated identifier for a party.









party circumscription start date

The date on which a particular party started recognizing a particular circumscription acceptance status.


(A corresponding stop date for the circumscription acceptance status can be derived based upon the subsequent start of a different circumscription acceptance status at a more recent date.)









party circumscription acceptance status

The code that denotes how a party recognizes this circumscription.

accepted (standard)


not accepted (nonstandard)


provisional



PARTY CIRCUMSCRIPTION-REFERENCE

An additional reference for a circumscription as recognized by a particular party. This entity allows a party to track comparable references or subsequent editions of a particular reference that essentially list the same circumscription without having to continually create a new CIRCUMSCRIPTION record (e.g., Kartesz 1994 and Kartesz 1999 might serve as additional references for numerous plants whose implied circumscriptions remain unchanged from Kartesz 1980).

circumscription id











party id

A unique, system-generated identifier for a party.









reference id

A unique, system-generated identifier for a reference.









index name id

The identifier for the scientific name which serves as an index in the party's additional circumscription reference.









party circumscription primary reference indicator

The code that denotes whether a particular party considers this reference the primary reference for this circumscription.

yes


no







party circumscription reference comments

The text of comments that accompany a reference being used for a circumscription by a party.





PARTY USAGE STATUS

The acceptance status assigned by a party to the usage of a particular scientific name for a particular circumscription.

party id

A unique, system-generated identifier for a party.









party usage start date

The date on which a particular party started recognizing a particular usage acceptance status.


(A corresponding stop date for the usage acceptance status can be derived based upon the subsequent start of a different usage acceptance status at a more recent date.)









party usage acceptance status

The code that denotes how a party recognizes this scientific name usage.

accepted name (standard)


synonym (nonstandard)


provisional name







scientific name id











circumscription id











classification framework level id







PARTY USAGE-SPELLING

The particular spelling associated with a scientific name usage as recognized (accepted or not) by a particular party.

circumscription id











party id

A unique, system-generated identifier for a party.









party accepted spelling indicator

The code that indicates whether this name is a particular party's accepted spelling of the name. A party's accepted spelling may agree with or override the accepted spelling according to the relevant International Code of Nomenclature or it may resolve ambiguities in spelling not addressed by the International Code.

yes


no







scientific name id











classification framework level id











name spelling id







PARTY-CIRCUMSCRIPTION

The recognition (but not necessarily acceptance) of a particular circumscription by a particular party.

party circumscription comments

Taxonomic comments concerning the circumscription (including any pertinent questions or controversies regarding description or  classification) according to a particular party.









party circumscription correlation comments

Comments on the relationship between one circumscription (typically standard) and one or more other circumscriptions according to a particular party.









party id

A unique, system-generated identifier for a party.









circumscription id







PARTY-USAGE

The recognition (but not necessarily acceptance) of a particular scientific name usage by a particular party.

derived classification sequence

The concatenation of sibling checklist orders for this usage of the taxon plus each of the required superior groups in the classification framework (in sequential order). 


This is a system derived attribute shown in the logical model for information purposes.









sibling checklist order

The numer that represents the classification sequence used for this taxon within the immediate superior group according to a particular party.  This number is concatenated with those of its superiors to construct the classification sequence attribute.









composition size code

The code that represents the size of the taxon according to this usage and classification as measured by the number of closest required subordinate taxa.

0 = zero members


A = monotypic


       circumscription


B = small circumscription


       (2-5 members)


C = medium circumscription


       (6-20 members)


D = large circumscription


       (21+ members)







party scientific name usage comments

The text of comments concerning this particular usage of the taxon according to a particular party.









scientific name id











party id

A unique, system-generated identifier for a party.









classification framework level id











circumscription id







REFERENCE

A source of information, published or unpublished (including journal articles, books, documents, field surveys, personal communications, etc.).

reference id

A unique, system-generated identifier for a reference.









citation

Formal citation for the reference.





SCIENTIFIC NAME

The scientific name for a taxon including author(s) and, where appropriate, year.  The name may represent a monomial, binomial, or polynomial as appropriate to a particular taxonomic level.  The name must have at least one spelling and may include orthographic variants (see SCIENTIFIC NAME SPELLING entity).

scientific name id

The identifier of a scientific name









author block text

The text of authorship information for a scientific name.  This is a free text field that may include full name, abbreviated name, multiple names, and, where appropriate, year.









hybrid indicator

The code that indicates whether the name is for a hybrid.

yes


no







nomenclatural type

For genera and higher taxa, the nomenclatural type will be the name of a subordinate taxon; for species and lower taxa, the nomenclatural type will be a specimen.


"...the single element of a taxon to which its name is permanently attached." (from: A Dictionary of Ecology, Evolution and Systematics, 1982)





SCIENTIFIC NAME SPELLING

The particular spelling associated with a scientific name. A name must have at least one spelling and may include orthographic variants.

scientific name spelling

The text that represents a particular spelling used for a scientific name.









international nomenclatural code accepted spelling indicator

The code that indicates whether the relevant International Code of Nomenclature accepts this particular spelling of the scientific name or treats it as an orthographic variant.









original spelling indicator

The code that indicates whether this spelling is the original spelling for the name as used in the initial circumscription reference (or the author's intended spelling, if more than one spelling was used).









name spelling id











scientific name id

The identifier of a scientific name





SCIENTIFIC NAME-FRAMEWORK LEVEL

This entity is an intersection allowing a scientific name to exist in more than one classification framework.

classification framework level id











scientific name id







SCIENTIFIC NAME-REFERENCE

The intersection of a specific scientific name in a specific reference.

scientific name id











reference id

A unique, system-generated identifier for a Reference.









original publication indicator

The code that indicates whether this reference represents the original reference in which the scientific name was first published. One and only one reference may be flagged to represent the  original publication of a name.









basionym publication indicator

The code that indicates whether this reference represents a publication of the basionym for a particular scientific name.





USAGE

The unique application of a particular scientific name to a particular circumscription as used in a reference or by a party.  


One name may be applied to one or more circumscriptions; one circumscription may have one or more different names applied to it.

initial usage indicator

The code that indicates whether the name used for this circumscription is the name used in the initial circumscription reference (i.e., the reference initially used in the database to record this circumscription).  Each circumscription must have one and only one name that serves as the index name in the initial circumscription reference.

yes


no







superior id

The identifier for the name usage









sensu modifier text

The text of any modifiers that apply to this usage.  Examples:  sensu lato, sensu stricto, sensu Jones, etc.









scientific name id











circumscription id











classification framework level id







ABI / ESA-VP
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