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“Linnaean nomenclature is stable enough to say what we know,

flexible enough to accommodate what we learn;

independent of specific theory, yet reflective of known empirical data;

compatible with phylogenetic theory, but not a slave to it;

particular enough for precise communication,

general enough to reflect refuted hypotheses.

Linnaean nomenclature is an effective international, inter-generational and
trans-theoretical system of classification that was forged and tested by those
describing the Earth’s biota, not touting political slogans.”

Wheeler, 2004
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compatible with phylogenetic theory, but not a slave to it;

is it particular enough for precise communication??,
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SEEK – Science Environment for Ecological Knowledge
- Large-scale, long-term ecological analyses are supported via a distributed
data network, a scientific workflow system, and “semantic mediation”.

http://seek.ecoinformatics.org



Use case – niche modeling based on specimen data from MaNIS.
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Predicted niche

http://kepler-project.org
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Use case – niche modeling based on specimen data from MaNIS.



The taxonomic challenge: integration of names to meaningful entities.

Different name  =    different taxonomic entity??
(=> keep data separate)

Same name      =    same taxonomic entity??
(=> merge data)

Are all returned records relevant to analyzing
Mephitis as presently recognized??

Are records not labeled as Mephitis necessarily
irrelevant to the analysis??

No.

No.

No.

No.

Conventional solution:
- resolve erroneous spellings,
- resolve nestedness,
- resolve synonymy,
- merge and separate accordingly.

Not precise enough!



The relationship of Linnaean names and evolving taxonomic perspectives.*

* Adopted from Kennedy et al., 2005

1798:   Fabricius describes Fantasia and F. prima, selecting as the type.
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The relationship of Linnaean names and evolving taxonomic perspectives.

1798:   Fabricius describes Fantasia and F. prima, selecting as the type.

1903:   Champion reexamines the series and establishes two new species names, with types and .

1948:   Bondar reassigns the specimens “unevenly”, F. secunda is synonymized ( ).

2000:   Afterall’s revision adds new specimens ( ) and resurrects F. secunda. A new genus name
is proposed for R. tertio.



The relationship of Linnaean names and evolving taxonomic perspectives.

Names like “Fantasia prima F., 1798” may have evolving meanings. Synonymy only refers to types.



The relationship of Linnaean names and evolving taxonomic perspectives.

Reference to the author/publication of a name’s (re)definition provides a handle to the evolving meanings.
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The “taxonomic concept” approach.

- Rooted in the Taxonomic Database Working Group community (APNI, IOPI – mid 1990s).

- Definition: a taxonomic concept is the meaning (referential extension) of a scientific name,
as specified by a particular author in a particular taxonomic publication.

- Taxonomic concepts are labeled with a “sec.” which stands for the Latin secundum or “according to”.

Example:  Fantasia prima F. sec. Fabricius (1798),
Fantasia prima F. sec. Champion (1903),
Fantasia prima F. sec. Afterall (2000).
etc.

- Taxonomic concepts may be linked to each other via traditional synonymy relationships. In addition,
their similarities and differences may be analyzed more fully, and then expressed via so-called
“concept relationships”.
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The five basic kinds of concept relationships.

congruent (==)

includes (>)

is included in (<)

overlaps (><)

excludes (|)

Additional terms:
is parent/child of
and, or
plus, minus
overall, intensional, ostensive



Examples of concept relationships.
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Examples of concept relationships.

F. prima sec. Fabricius (1798)     >     F. prima sec. Champion (1903)

F. prima sec. Fabricius (1798) ==     
F. prima sec. Champion (1903)

+ F. secunda sec. Champion (1903)
+ F. tertia sec. Champion (1903)



Examples of concept relationships.

F. secunda sec. Champion (1903) ><     F. tertia sec. Bondar (1948)



Examples of concept relationships.

F. prima sec. Champion (1903) == (int)     F. prima sec. Afterall (2000)
and
F. prima sec. Champion (1903) < (ost)     F. prima sec. Afterall (2000)
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Vision for long-term taxonomic resolution using the concept approach.

- Based not just on type-driven synonymy, but on a more powerful vocabulary of concept relationships.

1. Ecological observations are identified to concepts instead of just names.

- Mephitis mephitis Schreber     =>     Mephitis mephitis Schreber sec. Wilson & Reeder (1993)

2. “Third-party” concept relationships are established by taxonomic experts via new tools.

- M. mephitis sec. Wilson & Reeder (1993)     >     M. major sec. Howell (1901)

3. Data are merged or kept separate in accordance with the concept relationships.

- As long as the meaning of a concept is apparent, the data remain resolvable for the long term.

Peterson & Navarro-Sigüenza, 1999  -- taxonomy affects conservation priorities.

BSC: 101 species PSC: 249 species



Taxonomic concepts – are they useful for all involved?

Drawing by Carlo Giusto, 2003



Example: concept checklist of German mosses.

- Authors: Koperski et al., 2000

- 8,544 names treated;

- 12 reference classifications considered (years: 1927-2000);

- 24,390 taxonomic concepts analyzed;

- 1,548 concepts currently accepted (genus, species, variety);

- 7,891 concept relationships proposed.
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Example: concept checklist of German mosses.

sec. Koperski et al., 2000

Nomenclatural synonymy

Evolving concept taxonomy



Example: concept checklist of German mosses.

- 6,966 rejected names are assigned to 1,548 accepted concepts.

Name then… …name now.



Example: Flora of the Carolinas, Virginia, and Georgia.

- Author: Alan Weakley (on-line at http://www.herbarium.unc.edu)

- ca. 6,300 valid concepts recognized;

- 8-10 reference classifications considered (years: 1933-2005);

- more than 40,000 concept relationships proposed.



Example: Flora of the Carolinas, Virginia, and Georgia.

- Author: Alan Weakley (on-line at http://www.herbarium.unc.edu)

- ca. 6,300 valid concepts recognized;

- 8-10 reference classifications considered (years: 1933-2005);

- more than 40,000 concept relationships proposed.



What can concepts teach us about names? – German mosses, 1927-2000.*

* Data from Geoffroy & Berendsohn, 2003
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What can concepts teach us about names? – German mosses, 1927-2000.

Kind of relationship # of concepts            % of concepts

== 1,509 97.5
> 267 17.2
< 515 33.3
>< 90 5.8
| 11 0.7

Concept stability # of concepts            % of concepts

Homotypic syn./== 550 35.5
Heterotypic syn./== 310 20.0
Unstable (>,<,><,|) 688 44.5

N = 1,548 accepted concepts

Kinds of instability # of concepts            % of concepts

1 (= min.) 530 34.2
2 122 7.8
3 35 2.3
4 (= max.) 1 0.0

13.3%

22.2%44.5%

20.0%

Nom./Tax. stable
Tax. stable only
Tax. unstable?
Tax. unstable!



What can concepts teach us about names? – Carolina plants, 1933-2005.*

* Data from Weakley, pers. comm.

- Concept stability: Weakley (2005) compared with eight preceding classifications. 
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What can concepts teach us about names? – Carolina plants, 1933-2005.

- Taxonomic concept evolution in Andropogon virginicus L., sec. Weakley (2005).

A. glaucopsis
sec. Weakley, 2005

A. tenuispatheus
sec. Weakley, 2005
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What can concepts teach us about names? – “higher weevils”, 1981-2000.
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What can concepts teach us about names? – “higher weevils”, 1981-2000.

Curculionoidea sec. Alonso-Z. & Lyal (1999) Curculionoidea sec. Marvaldi & Morrone (2000)

7 new names.

No new names.



What can concepts teach us about names? – “higher weevils”, 1981-2000.

- Concept stability: pairwise comparisons of concepts in five “higher weevil” classifications. 
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What can concepts teach us about names? – “higher weevils”, 1981-2000.

- Changing names / stable concepts. - Stable names / changing concepts.

“Linnaean nomenclature is stable enough to say what we know,
is it flexible enough to accommodate what we learn??;   => Not really.
independent of specific theory, yet reflective of known empirical data;
compatible with phylogenetic theory, but not a slave to it;
is it particular enough for precise communication??,   => Not really.
general enough to reflect refuted hypotheses.



What can concepts teach us about names? – “higher weevils”, 1981-2000.

*

sec. Thompson (1992)

sec. Kuschel (1995)



What can concepts teach us about names? – “higher weevils”, 1981-2000.

Concept relationship:
Curculioninae

sec. Kuschel (1995)
==

Anthonominae…
+ … [7 subfam.]
+ Curculioninae
+ … [9 subfam.]
+ Erirhinidae
+ Raymondionymidae

sec. Thompson (1992)

*

sec. Thompson (1992)

sec. Kuschel (1995)



What can concepts teach us about names? – “higher weevils”, 1981-2000.
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sec. Kuschel (1995)



What can concepts teach us about names? – “higher weevils”, 1981-2000.

sec. Alonso-Zarazaga
& Lyal (1999)

sec. Kuschel (1995)

Concept relationship:
Brentinae

sec. Kuschel (1995)
==

Brentidae
+ Eurhynchidae
– Cyladinae

sec. Thompson (1992)



Taxonomic databases – an immediate application of the concept approach.
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Taxonomic databases – an immediate application of the concept approach.

- Challenge: the concepts of the 2006 update contain many taxonomic changes that are not reflected 
in new Linnaean names or new synonymy relationships.

Example: Lasiurus Gray sec. W & R (1993)   <   Lasiurus Gray sec. W & R (2006)  

- With the present database structure, Wilson and Reeder face the following dilemma:

(1) overwrite the 1993 concepts and thereby erase the taxonomic judgments and meanings upon 
which many studies have relied for the past 13 years.

(2) leave the database as is (sec. 1993) and thereby fail to adjust to the latest and most
supported taxonomic perspective.

- Neither solution is desirable.

- If the 1993 version is converted to concepts rather than names, then the 2006 update can be added
with losing the preceding perspective. Concept relationships can be used to explain the taxonomic 
changes with high semantic precision.



SEEK schemas and tools in support of concept taxonomy.



SEEK schemas and tools in support of concept taxonomy.

http://www.soc.napier.ac.uk/tdwg/

- “Taxonomic Concept Schema” – an XML 
schema that allows the exchange of 
taxonomic information stemming from a 
wide range of taxonomic databases and
-models.

- A two-year community-wide effort;
was adopted as a TDWG standard
at the 2005 meetings in St. Petersburg.

- Enables taxonomic providers to “translate”
name-based information into concepts for
the purpose of data merging and periodical
updates.



SEEK schemas and tools in support of concept taxonomy.

- A simple tool (MS Excel macro) to enter concept relationships for the “Flora of Carolinas” project.
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Summary and conclusions.

- Linnaean names and synonymy neither support all our resolution needs in biodiversity research, nor
a full documentation of the taxonomic process.

- The taxonomic concept approach is able to overcome these obstacles. It provides more granularity
and semantic precision when needed, without sacrificing or altering any of the desirable properties
of the Linnaean system.

- In the concept world, the onus is less on getting it right and more on securing long-term resolvability.
Multiple competing taxonomic perspectives are allowed to coexist and gradually evolve. This picture
comes closest to actual practice.
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Questions…


