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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



“Linnaean nomenclature is stable enough to say what we know,
s it flexible enough to accommodate what we learn??;
iIndependent 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??,
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



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”.
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Use case — niche modeling based on specimen data from MaNIS.

A jan:file:/C:/kepler-1.0.0alpha5/build. . .lows/ecofgarpModel ImageJ) withData.xml
File ‘“iew Edit Graph Debug Help

@D PHNOPE RO

CAUTION: The GARP code crashes if

Quick Search the data set locations are all

outside the extent of the layers

| Mephitis] | ’ c0 ] described in the *.dx file.
EnvLayerSet GarpPresampleLayers
‘ / [:||>pmperl;{"KEPLER"H"ﬂib."leslclala."garp.“u‘\'__. r .
Environmental GarpAigorithm ARP
variables - G _
" '] algorithm

H Meprﬁm ephitis major File Writer
ol < -

DIGIR museum records IS GarpPrediction
1 -
e G eored ; - d
~\ Mephyis nephitis d EI
@E L “2e . Visual output:
tl Predicted niche

This is an example using the ImageJ Actor to display the output image
created by GARP. The large image is automatically scaled to fit on the
screen and the BMP output can be displayed without an ImageConverter.
[lgnare the warning about missiing directory; just click on OK]

Dan Higgins, higgins@nceas.ucsb.edu, Nov 2004

http://kepler-project.org



Use case — niche modeling based on specimen data from MaNIS.
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Use case — niche modeling based on specimen data from MaNIS.

Predicted distribution




The taxonomic challenge: integration of names to meaningful entities.
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Dan Higgins, hig:

Different name different taxonomic entity??

(=> keep data separate) No.

Same name = same taxonomic entity??
(=> merge data) No.

Are all returned records relevant to analyzing
Mephitis as presently recognized?? No.

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

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.*

A

Fantasia F., 1798

5

o BPD O
OO PP 00

F. prima F., 1798

€

sec. Fabricius (1798)

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

* Adopted from Kennedy et al., 2005



The relationship of Linnaean names and evolving taxonomic perspectives.

A B
Fantasia F., 1798 FantasiaF., 1798
( ) |l :
E% 0| F primaF., 1798
JAVAN AN ,
AN F primaF., 1798 AN | F. secunda Champion, 1903
AN AN
Q0 ®O) ) :
00 88 F. tertia Champion, 1903
sec. Fabricius (1798) sec. Champion (1903)

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

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



The relationship of Linnaean names and evolving taxonomic perspectives.

A B C

Fantasia F., 1798 FantasiaF., 1798 FantasiaF., 1798
P m— oy

(m0) B 2| F prima F., 1798 .
00 "isy Dg F. prima F., 1798
AN AN ) AR
AN F primaF., 1798 A A | F. secunda Champion, 1903 o)
0o — 35 F. tertia Ch ion, 1903
83 ® O) £ tertia Champion, 1903 8 & | - tertia Champion,
sec. Fabricius (1798) sec. Champion (1903) sec. Bondar (1948)

1798: Fabricius describes Fantasia and F. prima, selecting l as the type.
1903: Champion reexamines the series and establishes two new species names, with types A and @.

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



The relationship of Linnaean names and evolving taxonomic perspectives.

D
A B C  FantasiaF., 1798
FantasiaF., 1798 FantasiaF., 1798 FantasiaF., 1798 B )
— @ F. prima F., 1798
F. prima F., 1798 EE 3 =
i v
N TV AN F. prima F., 1798 F. secunda Champion, 1903
F prima F., 1798 F. secunda Champion, 1903 VAYAY v >
JAWAN (AN
j i Realo Afterall (2000
F tertia Champion, 1903 ® O | F- tertia Champion, 1903 (2000)
= R. tertio (Champion), 1903
sec. Fabricius (1798) sec. Champion (1903) sec. Bondar (1948)

sec. Afterall (2000)

1798: Fabricius describes Fantasia and F. prima, selecting H as the type.
1903: Champion reexamines the series and establishes two new species names, with types A and @.
1948: Bondar reassigns the specimens “unevenly”, F. secunda is synonymized (A).

2000: Afterall’s revision adds new specimens (C1V[>) and resurrects F. secunda. A new genus name
Is proposed for R. tertio.



The relationship of Linnaean names and evolving taxonomic perspectives.
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F. tertia Champion, 1903

F. prima F., 1798

F. tertia Champion, 1903
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@ F. prima F., 1798

A

v)\O

v
\Y% F. secunda Champion, 1903
W

g

Realo Afterall (2000)

sec. Fabricius (1798)

sec. Champion (1903)

sec. Bondar (1948)

R. tertio (Champion), 1903

sec. Afterall (2000)

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




The relationship of Linnaean names and evolving taxonomic perspectives.

A

Fantasia F., 1798

FantasiaF., 1798

FantasiaF., 1798

Fantasia F., 1798

F. prima F., 1798
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A A | F secunda Champion, 1903
JAVAY

F. tertia Champion, 1903

F. prima F., 1798

>0
>>00

F. tertia Champion, 1903

oel>
ooP

BOO0O ;
@ F. prima F., 1798

A

v)\O

v
\Y% F. secunda Champion, 1903
W

g

Realo Afterall (2000)

sec. Fabricius (1798)

sec. Champion (1903)

sec. Bondar (1948)

R. tertio (Champion), 1903

sec. Afterall (2000)

Reference to the author/publication of a name’s (re)definition provides a handle to the evolving meanings.
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- Rooted in the Taxonomic Database Working Group community (APNI, IOPI — mid 1990s).
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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.

B><A

congruent (==)

B>A

overlaps (><)

B|A

includes (>)

B<A

IS included in (<)

excludes (|)




The five basic kinds of concept relationships.

==A B><A
congruent (==) overlaps (><)
B>A
B|IA
includes (>)
excludes (])
B<A

Additional terms:

Is parent/child of
and, or
plus, minus

.. i overall, intensional, ostensive
is included in (<)



Examples of concept relationships.

D
A B C Fantasia F., 1798
Fantasia F., 1798 FantasiaF., 1798 FantasiaF., 1798 BOO0 ]
— Slalaln F. prima F., 1798
ﬁ F prima F., 1798 EE T
2N AN F. prima F., 1798 F. secunda Champion, 1903
F. prima F., 1798 F. secunda Champion, 1903 VAVAY WA
A A T
JAWAN
1 i Realo Afterall (2000
F. tertia Champion, 1903 80| F tertia Champion, 1903 (2000)
= R. tertio (Champion), 1903

sec. Fabricius (1798) sec. Champion (1903) sec. Bondar (1948)
sec. Afterall (2000)

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



Examples of concept relationships.

D
A B C Fantasia F., 1798
Fantasia F., 1798 FantasiaF., 1798 FantasiaF., 1798 BOO0 ]
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sec. Afterall (2000)

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

F. prima sec. Champion (1903)
F. prima sec. Fabricius (1798) == | + F. secunda sec. Champion (1903)
+ F. tertia sec. Champion (1903)



Examples of concept relationships.

D
A B C  FantasiaF., 1798
Fantasia F., 1798 FantasiaF., 1798 FantasiaF., 1798 BOO0 ]
— Slalaln F. prima F., 1798
F. prima F., 1798 EE T
AN AN F. prima F., 1798 F. secunda Champion, 1903
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= R. tertio (Champion), 1903
sec. Fabricius (1798) sec. Champion (1903) sec. Bondar (1948)

sec. Afterall (2000)

F. secunda sec. Champion (1903) >< F. tertia sec. Bondar (1948)
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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-Siguenza, 1999 -- taxonomy affects conservation priorities.



Taxonomic concepts — are they useful for all involved?

Drawing by Carlo Giusto, 2003



Example: concept checklist of German mosses.

- Authors: Koperski et al., 2000

Monika Koperski, Michael Sauer,
Wailther Braun und §. Rob Gradstein

- 8,544 names treated;

Referenzliste der Moose
Deutschlands

- 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.

Bunehesamt fiir Noturschote 2000




Example: concept checklist of German mosses.

Dicranum flexicaule Brid. sec. Koperski et al., 2000
Bryol. Univ. 1: 421. 1826 <>

= Dicranum congestum var. flexicaule (Brid.) Bruch & Schimp.
= Dicranum fuscescens var. flexicaule (Brid.) Wilson

A > li>

ANANA

Dicranum flexicaule Brid.
Dicranum flexicaule Brid.
Dicranum fuscescens Turner
Der Beschreibung nach wird D. flexicaule nicht eindeutig von D.
fuscescens abgetrennt.
Dicranum fuscescens Turner .
Dicranum fuscescens Sm.
Dicranum fuscescens var. fuscescens
Vel. Anmerkung bei D. fuscescens.
Dicranum fuscescens var. congestum (Brid.) Husn.
Dicranum fuscescens fo. flexicaulis (Brid.) Monk.
Autor erginzt
Dicranum fuscescens var. congestum (Bnd.) Husn.
Aufgrund der morphologischen Beschreibung (. Bliter [...]
unterseits glatt. Kapsel undeutlich oder nicht gestreift.”) ist das
Taxonym zu D. flexicaule zu stellen.
Dicranum fuscescens var. fuscescens
Autonym erginzt
Die Beschreibung der Typussippe umfasst auch Merkmale von
D. flexicaule.

SCC,

SecC.

. CORLEY & al. (1981/1991)
. LUDWIG & al. (1996)
. FRAHM & FREY (1992)

. MONKEMEYER (1927)
. SMITH (1980)
. SMITH (1980)

. FRAHM & FREY (1992)
. MONKEMEYER (1927)

MONKEMEYER (1927)

FrRAHM & FREY (1992)



Example: concept checklist of German mosses.

Dicranum flexicaule Brid. sec. Koperski et al., 2000
Bryol. Univ. 1: 421. 1826 <>

= Dicranum congestum var. flexicaule (Brid.) Bruch & Schimp.
= Dicranum fuscescens var. flexicaule (Brid.) Wilson

Nomenclatural synonymy

A > li>

ANANA

Dicranum flexicaule Brid.
Dicranum flexicaule Brid.
Dicranum fuscescens Turner
Der Beschreibung nach wird D. flexicaule nicht eindeutig von D.
fuscescens abgetrennt.
Dicranum fuscescens Turner .
Dicranum fuscescens Sm.
Dicranum fuscescens var. fuscescens
Vel. Anmerkung bei D. fuscescens.
Dicranum fuscescens var. congestum (Brid.) Husn.
Dicranum fuscescens fo. flexicaulis (Brid.) Monk.
Autor erginzt
Dicranum fuscescens var. congestum (Brid.) Husn.
Aufgrund der morphologischen Beschreibung (.Blitter [...]
unterseits glatt. Kapsel undeutlich oder nicht gestreift.”) ist das
Taxonym zu D. flexicaule zu stellen.
Dicranum fuscescens var. fuscescens
Autonym erginzt
Die Beschreibung der Typussippe umfasst auch Merkmale von
D. flexicaule.

SCC,

secC.

. CORLEY & al. (1981/1991)
. LUDWIG & al. (1996)
', FRAHM & FREY (1992)

. MONKEMEYER (1927)
. SMITH (1980)
. SMITH (1980)

. FRAHM & FREY (1992)
. MONKEMEYER (1927)

MONKEMEYER (1927)

FrRAHM & FREY (1992)




Example: concept checklist of German mosses.

Dicranum flexicaule Brid. sec. Koperski et al., 2000

Bryol. Univ. 1: 421. 1826 <>

= Dicranum congestum var. flexicaule (Brid.) Bruch & Schimp. Nomenclatural synonymy
= Dicranum fuscescens var. flexicaule (Brid.) Wilson

2 | Dicranum flexicaule Brid. sec. CORLEY & al. (1981/1991)
2 | Dicranum flexicaule Brid. sec. LUDWIG & al. (1996)

< | Dicranum fuscescens Turner sec. FRAHM & FREY (1992)

Der Beschreibung nach wird D. flexicaule nicht eindeutig von D.
fuscescens abgetrennt.

< | Dicranum fuscescens Turner . sec. MONKEMEYER (1927)
< | Dicranum fuscescens Sm. sec. SMITH (1980)
< | Dicranum fuscescens var. fuscescens sec. SMITH (1980)
Vel. Anmerkung bei D. fuscescens.
> | Dicranum fuscescens var. congestum (Brid.) Husn. sec. FRAHM & FREY (1992)
> | Dicranum fuscescens fo. flexicaulis (Brid.) Monk. sec. MONKEMEYER (1927)
Autor erginzt
> | Dicranum fuscescens var. congestum (Brid.) Husn. sec. MONKEMEYER (1927)

Aufgrund der morphologischen Beschreibung (.Blitter [...]

unterseits glatt. Kapsel undeutlich oder nicht gestreift.”) ist das

Taxonym zu D. flexicaule zu stellen.

S | Dicranum fuscescens var. fuscescens sec. FRAHM & FRrEY (1992)
Autonym erginzt

Die Beschreibung der Typussippe umfasst auch Merkmale von _

D. flexicaule. Evolving concept taxonomy




Example: concept checklist of German mosses.

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

Name then... —— ...Nname now.

Dicranum congestum Brid. — Dicranum fuscescens Sm.

Dicranum congestum var. flexicaule (Brid.) Bruch & Schimp. — Dicranum flexicaule Brid.
Dicranum crispum Hedw. — Dicranella crispa (Hedw.) Schimp.

Dicranum denudatum Brid. — Dicranodontium denudatum (Brid.) E. Britton

Dicranum enerve Thed. — Paraleucobryum enerve (Thed.) Loeske

Dicranum falcatum Hedw. — Kiaeria falcata (Hedw.) 1. Hagen

Dicranum flexuosum Hedw. — Campylopus flexuosus (Hedw.) Brid.

Dicranum fragile Brid. — Campylopus fragilis (Brid.) Bruch & Schimp.

Dicranum fuscescens var. flexicaule (Brid.) Wilson — Dicranum flexicaule Brid.
Dicranum glaucum Hedw. — Leucobryum glaucum (Hedw.) Angstr.

Dicranum gracile Mitt. — Campylopus gracilis (Mitt.) A. Jaeger

Dicranum gracilescens F. Weber & D. Mohr — Cynodontium gracilescens (F. Weber & D. Mohr) Schimp.
Dicranum heteromallum Hedw. — Dicranella heteromalla (Hedw.) Schimp.

Dicranum introflexum Hedw. — Campylopus introflexus (Hedw.) Bnd.

Dicranum juniperoideum Brid. — Leucobryum juniperoideum (Brid.) Miill. Hal.
Dicranum latifolium Hedw. — Desmatodon latifolius (Hedw.) Brid.

Dicranum longifolium Ehrh. ex Hedw. — Paraleucobryum longifolium (Hedw.) Loeske

Dicranum longifolium var. sauteri (Bruch & Schimp.) Velen. — Paraleucobryum sauteri (Bruch & Schimp.)
Loeske



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.

Flora of the Carolinas, Virginia, and Georgia

Waorking Draft of June 10, 2005

by

Ala




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

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

- ca. 6’300 Valld Concepts recognlzed, Flora of the Carolinas, Virginia, and Georgia

Woaorking Draft of June 10, 2005

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

Alan 5. Weaklay

Univarsty of North Carolina Herbarium
Neth Caroling Botanic sl Garden

- more than 40,000 concept relationships proposed. R

vy o hioeth Carina.
Crapel HAl, NC 27500-1280

Telophone: (19062 0678

Aureolaria flava (Linnaeus) Farwell var. flava, Eastern Smooth Oak-leach. Pd, Mt, Cp (GA, NC, SC, VA): oak forests and
woodlands; common. August-September; September-October. ME west to MN, south to GA, FL, and AL. Var. reticulata
(Rafinesque) Pennell, of the southeastern Coastal Plain, needs additional study._ It is alleged to differ in its lower leaves entire,
dentate, or divided less than ' way to the midrib (vs. deeply pinnatifid-divided). [EHOSEEHENERV: S /F =R VN = B e XV 10 /=R T EATE]
Linnaeus var. flava -- F; > Gerardia flava var. reticulata (Rafinesque) Cory -- F; > A. flava ssp. typica -- P; >< A. flava ssp. flava -- S;
> A. flava ssp. reticulata (Rafinesque) Pennell -- P, S]

Aureolaria flava (Linnaeus) Farwell var. macrantha Pennell, Midwestern Smooth Oak-leach. Mt (NC): oak forests and
woodlands; rare. S. Ontario and MO southto e. WV, e. TN, w. NC (Fernald 1950), n. AL, and e. LA. August-September;
September-October. [= C, G, K; < A. flava -- RAB, W; = Gerardia flava Linnaeus var. macrantha (Pennell) Fernald -- F; A. flava ssp.
macrantha Pennell -- P; >< A. flava ssp. flava-- S, in part]

Aureolaria laevigata (Rafinesque) Rafinesque, Appalachian Oak-leach. Mt, Pd (GA, NC, SC, VA), Cp (NC, SC, VA): oak
forests and woodlands; common (uncommon in Piedmont, rare in Coastal Plain). August-September; September-October. PA west
tos. OH, south to SC and GA, primarily a Central and Southern Appalachian endemic, but extending into adjacent provinces, and,
rarely, even the Coastal Plain. [= RAB, C, G, K, P, S, W; = Gerardia laevigata Rafinesque -- F]




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

N = 1,548 accepted concepts

Kind of relationship # of concepts % of concepts
== 1,509 97.5
> 267 17.2
< 515 33.3
>< 90 5.8
11 0.7

* Data from Geoffroy & Berendsohn, 2003



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

Kind of relationship

# of concepts

% of concepts

>
<
><

1,509
267
515
90

11

97.5
17.2
33.3
5.8
0.7

Concept stability

# of concepts

% of concepts

Homotypic syn./==

Heterotypic syn./

Unstable (>,<,><,|)

550
310
688

35.5
20.0
44.5

N = 1,548 accepted concepts




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

Kind of relationship

# of concepts

% of concepts

>
<
><

1,509
267
515
90

11

97.5
17.2
33.3
5.8
0.7
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What can concepts teach us about names? — German mosses, 1927-2000.

Kind of relationship

# of concepts

% of concepts

>
<
><

1,509
267
515
90

11

97.5
17.2
33.3
5.8
0.7

Concept stability

# of concepts

% of concepts

Homotypic syn./==

Heterotypic syn./==

Unstable (>,<,><,|)

550
310
688

35.5
20.0
44.5

Kinds of instability

# of concepts

% of concepts

1 (= min.)
2
3
4 (= max.)

530
122
35
1

34.2
7.8
2.3
0.0

N = 1,548 accepted concepts

44.5%

13.3%

O Nom./Tax. stable

O Tax. stable only
[ Tax. unstable?
H Tax. unstable!

22.2%




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

- Concept stability: Weakley (2005) compared with eight preceding classifications.

Weakley (2005) with ... (%) == > < >< | Nom./Tax. stable (totals)
Kartesz (1999) 92.9 25 4.6 0.0 0.0 86.4% (4064 / 4705)
Flora North America (1993) 93.9 05 5.6 0.0 0.0 87.5% (1737 /1 1985)
Gleason & Cronquist (1991) 873 2.5 10.1 0.1 0.0 75.9% (2385 / 3144)
Godfrey & Wooten (1979) 82.4 1.1 16.4 0.0 0.0 72.8% (9757 1339)

Radford et al. (1968) 81.1 2.6 16.3 0.0 0.0 68.7% (1884 / 2742)
Gleason (1952) 81.9 8.0 10.0 0.1 0.0 67.8% (1866 / 2751)
Fernald (1950) 771 164 6.2 0.3 0.0 63.5% (1951 / 3073)
Small (1933) 782 105 11.0 0.3 0.0 54.9% (1571 / 2859)

* Data from Weakley, pers. comm.



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

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

Weakley 2005 C. Campbell Godfrey & Wooten |RAB 1968 Hitchcock & Blomquist 1948 |Small 1933 Hackel 1889 finest entity
(1983, FNA 2003) 1979 Chase 1950
Andropogon A. virginicus var. niffipes |A. virginicus ﬂms ; A,aaﬁueg A%s |A. virginicus var.
- - - glaucus subvar.

capillipes var. glaucus "drylands
i vanant”

1A cap (A capilipes

|A. virginicus |A. capillipes

A virginicus
i S

A. virginicus var.
virginicus "smooth

["smooth” entity _ |"glom 2a" entity

A. glaucopsis A virginicus A virginicus var. |A. virginicus var. A. macrourus var. glaucopsis entity
| aucopsis |glaucopsis glaucopsis )
] i A glomeratus : 2 gme.ﬁly_

A virginicus ! |"latissimo” entity
A virginicus

1 species 3 species, 5 3 species, 5
vars. vars.

glomeratus var.  |glomeratus

A. macrourus var. tenuispatheus
genuinus entity

Andropogon A. glomeratus var.
tenuispatheus pumilus

A virginicus var.
tenuispatheus

3 species, 3vars. |2 species, 7 vars.

5 species, B vars. |2 species, 7 vars (+|3 species, 4 vars.
2 informal

"variants")




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

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

\glomeratus
Andropogon
tenuispatheus

A. glomeratus var.
pumilus

5 species, 8 vars.

2 species, 7 vars (+|3 species, 4 vars.

2 informal

"variants")

A virginicus
A. virginicus
A virginicus

1 species

A virginicus
A virginicus
A. virginicus

Weakley 2005 C. Campbell Godfrey & Wooten |RAB 1968 Hitchcock & Blomquist 1948 |Small 1933 Hackel 1889 finest entity
(1983, FNA 2003) 1979 Chase 1950

Andropogon A virginicus var.  |A cag |A. virginicus ﬂms B A,aaﬁueg Aqgmgs [A. virginicus var.

capillipes var. glaucus "drylands - - glaucus subvar.
A. virginicus | |A- virginicus |A. capillipes |A. cap |A. capillipes
i

3 species, 5
vars.

A virginicus var. |A. virginicus var.
LCOpSiS |glaucopsis

A glomeratus

A virginicus var.
tenuispatheus

3 species, 5
vars.

"smooth” n'ty

glaucopsis entity

"glom 2a" entity

A. macrourus var.
.fa a__o )

|"latissimo” entity

glomeratus entity

A. macrourus var.
genuinus

tenuispatheus

entity

3 species, 3vars. |2 species, 7 vars.

17 granular concepts
(sec. Weakley, 2005)



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

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

(1983, FNA 2003) 1979 Chase 1950

Weakley 2005 C. Campbell Godfrey & Wooten |RAB 1968 Hitchcock & Blomquist 1948 |Small 1933 Hackel 1889

finest entity

Andropogon A virginicus var.  |A capillipes
capillipes var. glaucus "drylands -

|A. virginicus ﬂm& ; A«W ﬁaﬁmus |A. virginicus var.
- - - glaucus subvar.
_|glaucus

capillipes entity

T

|A. virginicus |A. capillipes

A virginicus
A virginicus
A. virginicus

. |A glaucopsis A virginicus

A virginicus
A. virginicus

|capillipes variant”
ca —

A virginicus var. |A. virginicus var.

A glomeratus

Andropogon A mrera
glomeratus var.  |glomeratus
\glomeratus

[A. macrourus var. glomeratus entity
abbreviatus

i

v e

|"latissimo” entity

VT s v

ténufsparheus

Armdropogonr A giome

tenuispatheus pumilus

AT T tenuispatheus
genuinus entity

5 species, B vars. |2 species, 7 vars (+|3 species, 4 vars. |1 species 3 species, 5 3 species, 5 3 species, 3 vars.
2 informal vars. vars.

"variants")

2 species, 7 vars.

A. glomeratus sec. Weakley, 2005

17 granular concepts

(sec. Weakley, 2005)



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

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

Weakley 2005

|A. virginicus var.

glaucus "drylands

|variant”

Andropogon

A. virginicus var.
glaucus "wetlands
variant”

Hitchcock &
Chase 1950

Blomquist 1948 [Small 1933

Hackel 1889

A. virginicus var.
glaucus subvar.

glaucus

A. virginicus var.
glaucus subvar.

dealbatus

Andropogon
tenuispatheus

Andropogen
virginicus species

abbviatus

A. virginicus

A. virginicus var.
glaucopsis

A. virginicus var.
glaucopsis

W

|A_virginicus var. |

hirsutior

A. virginicus var.
abbreviatus

A. virginicus

A. virginicus var.
abbreviatus

A. virginicus

1 species

rd

A. virginicus var.
tenuispatheus

. |3 species, 5

vars.

3 species, 3 vars.

A. virginicus var. A. virginicus var. A. virginicus A. virginicus var. |A. virginicus var. |A. virginicus A. virginicus var.
virginicus var. virginicus "old-field |virginicus virginicus virginicus viridis subvar.
virginicus variant" genuinus
Andropogon A. virginicus var.  |A. virginicus var.  |A. virginicus A. virginicus var. |A. virginicus var. |A. virginicus A. virginicus var.
virginicus var. virginicus "smooth |virginicus virginicus virginicus viridis subvar.
virginicus variant” genuinus
Andropogon A. virginicus var.  |A. virginicus var.  |A. virginicus A. virginicus var. |A. virginicus var. |A. virginicus A. virginicus var.
virginicus var. decipiens virginicus virginicus virginicus viridis subvar.
geciple YETTaIngS

2 species, 7 vars.

species concept

A. glaucopsis
sec. Weakley, 2005

A. tenuispatheus
sec. Weakley, 2005



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

Curculionoidea sec. Crowson (1981)

Outgroup

—:— Aglycyderidae

—:— Allocorynidae

_:— Anthribidae

—:— Apioninae
—;—Antliarrhininae Apionidae

8
#— Nanophyinae

9
———-=®— Attelabidae

10 _
————&— Belidae

11
————@8— Brenthidae

13
12 —8— Curculioninae

14
—8&— Platypodinae Curculionidae

15
—8— Scolytinae

16
——8— Nemonychidae

17
—— Oxycorynidae

NoO new names.
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Curculionoidea sec. Crowson (1981)

Outgroup -

—:— Aglycyderidae

—:— Allocorynidae

_:— Anthribidae

—:— Apioninae
—;—Antliarrhininae Apionidae

8
#— Nanophyinae

9
———-=®— Attelabidae

10 _
————&— Belidae

11
————@8— Brenthidae

13
12 —8— Curculioninae

14
—8&— Platypodinae Curculionidae

15
—8— Scolytinae

16
——8— Nemonychidae

17
—— Oxycorynidae

NoO new names.

Qutgroug

Curculionoidea sec. Thompson (1992)

1

[¥3 &4

16 new names.
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Curculionoidea sec. Thompson (1992)

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

16 new names.

62 64
65
(13
67
&3
I
o -
bt 72
73
T4
75 i
72
7! _.
77 79
2
82
a1 E} :
B4
& .
[ ¥
87
58 -
g8

90

96

8

R

Pt

Curculionoidea sec. Kuschel (1995)

120

124
——

126|

130
——

135
.

132

136

140

145

146

148

Cutroup
Nemonychinae
Doydirhynchinae
Rhinorhynchinae
Urodontinae
Anthribinae
Choraginae
Belinae
Aglycyderinae | Belidae
Oxycoryninae

Attelabinae

Attelabidae

Rhynchitinae

Carinae
Brentinae

o Brentidae
Apioninae
Cyladinae
Brachycerinae
Curculicninae

Rhynchophorinae
Cossoninae

Platypodinae

Scolytinae

1 new name.

Nemonychidae

Enthribidae

Curculionidae



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

Curculionoidea sec. Kuschel (1995)

Cutroup
119 .
#— Nemonychinae
118
—— 121 . . N
120 #— Doydirhynchinae | Nemonychidae
122 . .
#— Rhinorhynchinae
125 .
#— Urodontinae
124 127
126 #— Inthribinae | Anthribidae
"* 128 .
#— Choraginae
131 .
123 #— BEclinae
L 130
i 133 . .
132 #— MAglycyderinae | Belidae
134 .
#— Oxycoryninae
137
125 136 #— Attelabinae
138 httelabidae
#— Rhynchitinae
141 )
135 #— Carinae
- 140 143 )
Brentinae
145 o Brentidae
144 Apioninae
135 146 )
Cyladinae
148 i
Brachycerinae
Curculioninae
Rhynchophorinae
i Curculionidae
Cossoninae
Platypodinae
Scolytinae

1 new name.

Curculionoidea sec. Alonso-Zarazaga & Lyal (1999)

Outgroup
196 s
Anthribinae
195 157 . oy
Choraginae Anthribidae
158 )
- Urodontinae
Apicninae
159 201 . . R
i Myrmacicelinae Apionidae
5 chidii 215 L. -
- Rhinorhynchidiinae B— Antliarhininae
i 216 .
201 ey Apoderinae —— Brentinae
Areahe . i ,
- Archolabinae | Attelabidae —— Cyladinae
N 218 .
- Attelabinae _2?9_ Cyphagoginae
27 200 Belinae Belidae |—-_— Pholidoclamydinae
Pachvuri s 220 .
Pachyurinae _2_ Taphroderinae
210 o~ Brachycerinae & Trachelizinae
Microcerinae Brachyceridae E*5] & Ulocerinae

Ocladiinae

Brentidae

Curculionidae

Cryptolaryngidae
Cryptodermatinae
Dryophthorinae
Orthegnathinae
Ehynchophorinae
Stromboscerinae

Baissorhynchinae

I ——— — —

- Nanecphyidae
—:é:— Cimberidinae

258 f——_l— Nemcnychinae
Rhinorhynchinae

derinae
g8 ryninae
268 N 3
p——ll—— Hispodinae

269 . .
Metrioxeninae

270 - 4
l——8&— Oxycoryninae
272

_?il_i Myrtonyminae

z s :

Raymondionyminae
275 .

—8— [sctheinae

4 276

Pterococlinae
277 N
el Fiynichitinae

278 11 .
8 lyanidae

223 224 .
- Bagcinae
p——l— Baridinae
226 s
Dryophthoridae T Brachyceropseinae
—— Ceutorhynchinae
228 N N
—229— Conoderinae
= Cossoninae
230

Nemonychidae

Oxycorynidae

Raymondionymidae

Rhynchitidae

238
-

Cryptorhynchinae

Carinae Eccoptartt
rine ccoptart 231 .
. —i— Curculicninae
Eccoptarthrinae 232 .
C o |l Cyclominae
Ecbelidae zia .
. L Entiminae
Erirhininae e 234 .
o Erirhinidae ——t— Hyperinae
Tadiinae Eis ..
2&!_ . . Lixinae
Eurhynchidae 236 PR
256 e [—8— Mesoptiliinae
Ithyceridae 237

Mol
Orobitidinae
Xiphaspidinae

tinae

7 new names.



Curculionoidea sec.

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

Outgroup
196 % ¢ N
Anthribinae
195 187 . L
™ Choraginae Anthribidae
198 .
- Urodontinae
Apicninae
159 201 N . : :
i Myrmacicelinae Apionidae
Rhinorhynchidiinae
204 .
203 Apoderinae
205 N 1 i
- Archeolabinae Attelabidae
Attelabinae
208 Y
07 Belinae .
209 , . Belidae
Pachyurinae
Brachycerinae
210 212

Cryptolaryngidae
Cryptodermatinae
Dryophthorinae
Orthegnathinae
Ehynchophorinae
Stromboscerinae

Drycphtheridae

Baissorhynchinae

Carinae
0 .

Eccoptarthrinae

251 .

Pr Ecbelidae

252 Erirhininae I

254 Erirhinidae
Tadiinae

285

Eurhynchidae

256 .
& Tthyceridae
- Nanecphyidae
—:é:— Cimberidinae
258 f——_l— Nemcnychinae .
Rhinorhynchinae Nemonychidae
262 4
———8&— Slonikinae
& Obrieniidae
— Afrocoryninae
—256— Aglycyderinae
g8 e 21 locoryninae
—255— Hispodinae
—2‘9— Metrioxeninae
_2&°_ Oxycoryninae
71 Myrtonyminae
Raymondionyminae

275 .
= [ cotheinae
4 276

Oxycorynidae

Raymondionymid

r
af i}
]

Pteroceclinae Rhynchitidae
277 s
el Fynichitinae

278 11 .
& Ulvyanidae

Micreocerinae Brachyceridae
Ocladiinae | | )
Brentidae

Alonso-Z. & Lyal (1999)

—265— Antliarhininae

v Brentinae
Cyladinae
Cyphagoginae
Pholidoclamydinae
Taphroderinae
Tract
Ulocerinae

izinae
214

A

Curculionidae

2;3 224 .

—225— Bagoinae

i Baridinae

—ié:— Brachyceropseinae

—_— Ceutorhynchinae

—zé:— ConocieFinae

—— Cossoninae

—?:— Cryptorhynchinae
Curculicninae

—232— Cyclominae

—253— Entiminae

I Hyperinae

Lixinae

—?j— Mesoptiliinae

e Molyt

I Orobitidinae

Xiphaspidinae

7 new names.

ae

Outgroup

Anthribidae

Nemonychidae

Belidae

Attelabidae

Caridae

Brentidae
Ithycerinae
Microcerinae
Brachycerinae
Ocladiinae
Dryophthorinae
Curculionidae s.s.

Erirhininae

NoO new names.

Curculionidae

Curculionoidea sec. Marvaldi & Morrone (2000)

s.1.



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

- Concept stability: pairwise comparisons of concepts in five “higher weevil” classifications.

Concept comparison (%) - > < >< | Nom./Tax. stable (totals)

A-Z&L'99 with M&M'00 | 46.8 258 226 4.8 0.0 8.1%
Kusch. '95 with M & M '00 268 250 268 214 0.0 12.5%
Kusch.'95 with A-Z&L'99 | 347 122 408 4.1 8.2 13.3% 13/98)
Thom.'92 with M &M'00 413 333 206 4.8 0.0 7.9% 5/63)

(5/62)
(
(
(
Thom.'92 with A-Z&L'99 | 419 309 176 22 74 | 184% (25 / 136)
(
(
(
(
(

7 156)

Thom. '92 with Kusch. '95 304 556 8.1 2.8 0.0 7.4% 10/1335)
Crow.'81 with M &M '00 182 345 345 127 0.0 10.9% 6/59)
Crow.'81 with A-Z&L'99 | 314 9.8 39.2 9.9 13.7 5.9% 3./51)
Crow. '81 with Kusch. '95 371 258 226 145 0.0 11.3% 71/62)
Crow. '81 with Thom. '92 533 133 300 3.3 0.0 50.0% 15/30)




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

- Changing names / stable concepts.

Nomenclature unstable == > < >< |
A-Z&L'99 with M&M'00 24 61 12 3 11
Kusch. '95 with M &M '00 8 32 11 12 0
Kusch. '85 with A-Z&L'99 21 8 50 4 8
Thom.'92 with M &M '00 21 93 13 2 0
Thom.'92 with A-Z&L'99 32 49 26 3 10
Thom.'92 with Kusch. '95 31 72 11 7 0
Crow.'81 with M & M'00 4 22 18 6 0
Crow.'81 with A-Z&L'99 13 0 65 3 7
Crow. '81  with Kusch. '95 16 16 25 8 0
Crow.'81 with Thom.'92 24 106 19 0 0
Total 194 459 250 48 36




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

- Changing names / stable concepts.

Nomenclature unstable

v
A

A-Z&L'99 with M&M'00 24 61 12 3 11
Kusch.'95 with M & M '00 8 32 11 12 0
Kusch. '85 with A-Z&L'99 21 8 50 4 8
Thom.'92 with M &M'00 21 93 13 2 0
Thom.'92 with A-Z & L'99 32 49 26 3 10
Thom.'92 with Kusch. '95 31 72 11 7 0
Crow.'81 with M & M '00 4 22 18 6 0
Crow.'81 with A-Z&L'99 13 0 65 3 7
Crow.'81 with Kusch. '95 16 16 25 8 0
Crow. '81 with Thom. '92 24 106 19 0 0
Total 194 459 250 48 36

- Stable names / changing concepts.

Nomenclature stable

<

A-Z&L'99 with M&M'00 7 0 0
Kusch.'95 with M &M '00 0 4 0 0
Kusch.'95 with A-Z& L'99 13 4 10 0 0
Thom.'92 with M & M '00 5 4 0 1 0
Thom.'92 with A-Z&L'99 25 11 8 0 0
Thom.'92 with Kusch.'95 10 1 0 1 0
Crow. '81 with M & M'00 0 1 1 0
Crow. 81 with A-Z&L'99 3 6 0 0
Crow.'81 with Kusch.'95 0 1 1 0
Crow. '81 with Thom.'92 15 1 5 1 0
Total 96 41 37 5 0




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

- Changing names / stable concepts.

Nomenclature unstable

><

Nomenclature stable

- Stable names / changing concepts.

A-Z&L'99 with M &M '00

Kusch. '95
Kusch. '95
Thom. '92
Thom. "92
Thom. '92
Crow. '81
Crow. '81
Crow. '81
Crow. '81

with
with
with
with
with
with
with
with

with

M &M '00
A-Z & L'99
M & M '00
A-Z & L'99
Kusch. '95
M &M '00
A-Z &L '99
Kusch. "95
Thom. '92

—
-l SR S -

- O W o

-_ ek O - - D -0 0 0D

A-Z&L'99 with M &M'00 24 61 12 3 11
Kusch.'95 with M & M '00 8 32 11 12 0
Kusch.'95 with A-Z& L'99 21 8 50 4 8
Thom.'92 with M &M'00 21 a3 13 2 0
Thom.'92 with A-Z&L'99 32 49 26 3 10
Thom.'92 with Kusch. '95 31 72 11 7 0
Crow.'81 with M & M'00 4 22 18 6 0
Crow. '81 with A-Z&L'99 13 0 65 3 7
Crow. '81 with Kusch. '95 16 16 25 8

Crow. '81 with Thom. '92 24 106 19 0 0
Total 194 459 250 48 36

Total

(3]

ol O 0o O O O O o o o




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

- Changing names / stable concepts. - Stable names / changing concepts.
Nomenclature unstable == > < >< | Nomenclature stable == > < >< |
A-Z&L'99 with M&M'00 | 24 61 12 3 11 A-Z&L'99 with M&M'00 | 5 7 2 0 0
Kusch.'95 with M &M '00 8 32 11 12 0 Kusch.'95 with M & M '00 7 0 4 0 0
Kusch.'95 with A-Z & L'99 2 8 50 4 Kusch.'95 with A-Z&L'99 13 4 10 0 0
Thom.'92 with M&M'00 | 21 93 13 2 0 Thom.'92 with M &M '00 5 4 0 1 0
Thom.'92 with A-Z&L'99 32 49 26 3 10 Thom.'92 with A-Z&L'99 25 11 8 0 0
Thom. '92 with Kusch. '95 31 72 11 7 0 Thom. '92 with Kusch. '95 10 11 0 1 0
Crow.'81 with M&M'00 | 4 2 18 6 0 Crow.'81  with M&M'00 6 0 1 1 0
Crow.'81 with A-Z&L'99 13 0 65 3 7 Crow.'81 with A-Z&L'99 3 6 0 0
Crow. '81 with Kusch. '95 16 16 25 8 0 Crow. '81 with Kusch. '95 7 0 1 1 0
Crow.'81 with Thom.'92 24 106 19 0 0 Crow.'81 with Thom.'92 15 1 5 1 0
Total 194 459 250 48 36 Total 96 4 37 5 0

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

148 .
#— Brachycerinae
150 .
Curculioninae
Rhynchophorinae
Cossoninae
Platypodinae

Scolytinae

sec. Kuschel (1995)

Curculionidae

Out group
20
19
21
23
22
24
2!
Attelabidae
29

F

Brentidae

I

Uloc
46
el [

47
=

Anthonominae
Aterpinae
Bagoinae

Baridinae

Ceutorhynchinae
Cioninae

Clecninae

Cossoninae
Crypterhynchinae

Curculicninae *

Derelominae

irculionidae

sec. Thompson (1992)

w0

—-—-——:T—-..
92 .
93
94
95
97

96

98

Molytini

Nerthopinae

nae
Smicronychinae

atodinae

Storeinae

terninae

Tychiinae

Ulomascinae
¥iphaspidinae
Campyloscelini

Zygopini

Brachycercpsidinae

Entiminae

Zygopinae



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

48 _
el
148 . | & — Anthonominae
h Brachycerlﬂae s AL Onominae
———— T
147 150 =4 E
. . E inae
Curculioninae [——%— Bagoinae
|——8#— Baridinae
5 53
Rhynchophorinae ——8— Brachyceropsidinae
. Curculionidae —E— Ceutorhynchinae
Cossoninae @ Cioninae
. _L Cleoninae
Platypodinae & Cossc
58
. (e Cryptorhynchinae
Scolytinae 53 VP EorhyT -
e Curculicninae %
- Derelominae

sec. Kuschel (1995)

Concept relationship: & Eugnoninae
Curculioninae

sec. Kuschel (1995)

culionidae e Gymn@trinae

Magdalininae

Anthonominae...
+ ... [7 subfam.]

+ Curculioninae

+ ... [9 subfam.] scotytinae
+ Erirhinidae sec. Thompson (1992) [ B scnacodinee

+ Raymondionymidae I T,
i} Tychiinae

sec. Thompson (1992) -

a6 ! Campyloscelini
98 Zygopinae
Zygopini
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What can concepts teach us about names? — “higher weevils”, 1981-2000.

145 . .
——8&— Apioninae

141 .
#— Carinae

Brentinae
Brentidae

146 .
—— Cyladinae

sec. Kuschel (1995)

Cutgroup
196 o
Anthribinae
195 197 . s
Choraginae Anthribidae
198 .
Pt Urodontinae
Apioninae
135 201 ) . o
Myrmacicelinae Apionidae
202
¥ il i 215 . s 3
- Rhinorhynchidiinae - Antliarhininae
: - 2186 M
5 = Apoderinae ——8— Brentinae
; t b 217 )
- Archolabinae Attelabidae L ——8&— Cyladinae
4+ hi 218
08 Attelabinae f——i— Cyphagoginae
: 219 . .
g7 Prry Belinae Belidae |——=&— Pholidoclamydinae
Pac $ v = 220 i
e Pachyurinae ——=#— Taphroderinae
P 221 L.
210 et Brachycerinae |——8— Trachelizinae
- Microcerinae Brachyceridae ‘a1 % vlocerinae
Ocladiinae I .
Brentidae
Curculionidae
240

2i1
2

a
un
(4]
a
tn
o

255
— =

259
260
261
262
263

\

265
266
267

.

264

|
j

269

!

272
71
273

EN

pa L e
ey
=3 8

|

Cryptolaryngidae
Cryptodermatinae
Dryophthorinae
Orthognathinae
Rhynchophorinae
Stromboscerinae
Baissorhynchinae
Carinae
Eccoptarthrinae
Eobelidae
Erirhininae
Tadiinae
Eurhynchidae
Ithyceridae
Nanophyidae

Erirhinidae

Cimberidinae
Nemonychinae
Rhinorhynchinae
Slonikinae
Cbrieniidae
Afrocoryninae
Aglycyderinae
Allocoryninae
Hispodinae
Metrioxeninae
Oxycoryninae
Myrtonyminae
Raymondionyminae
Isotheinae
Pterocolinae
Rhynchitinae
Ulyanidae

L
223

Dryophthoridae

Eccoptarthridae

224 .
Bagoinae

Baridinae
Brachyceropseinae
Ceutorhynchinae
Conoderinae
Cossoninae
Cryptorhynchinae
Curculioninae
Cyclominae
Entiminae

5
226
227
228
229
230

FEER

Frbt

lu
]
-

Hyperinae
Lixinae

ra Lra
ey [y
=

Mesoptiliinae
el Molytinae

8 cs s
L& orobitidinae

237

Nemonychidae

se

Oxycorynidae

Raymondionymidae

Rhynchitidae

T ¥iphaspidinae

c. Alonso-Zarazaga

& Lyal (1999)



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

141 .
#— Carinae

140

Brentinae

142 145 o Brentidae
144 —®— Apioninae

146 .
—— Cyladinae

sec. Kuschel (1995)

Concept relationship:
Brentinae
sec. Kuschel (1995)

Brentidae
+ Eurhynchidae
— Cyladinae

sec. Thompson (1992)

Cutgroup

Anthribinae

Choraginae Anthribidae

Urodontinae

196
195 197
198
200 X R
Apioninae
139 201 ) ,
Myrmacicelinae
202 . . ..
Rhinorhynchidiinae
204
3 205
206
208
207
209

Apionidae

215

—8— Antliarhininae

Apoderinae —256— Brentinae
Archolabinae | Attelabidae L Cyladinae
Attelabinae T Cyphagoginae
Belinae Belidae —zﬁg— Pholidoclamydinae
Pachyurinae & Taphroderinae

210 - Bmlrachycerinae —?él— Trachelizinae

- Microcerinae Brachyceridae el F  Ulocerinae
Ocladiinae |
Brentidae

—260— Cryptolaryngidae
= Cryptodermatinae
Dryophthorinae
Orthognathinae
Rhynchophorinae
Stromboscerinae

L
223

Dryophthoridae

Baissorhynchinae

247 249 ) .
Carinae Eccoptarthridae
250 .
Eccoptarthrinae
251 N .
L e robelidae
253 . .
252 Erirhininae . ..
254 L. Erirhinidae
Tadiinae

255
}j—————————8— Eurhynchidae
Ithyceridae

7
—25_ Nanophyidae

Curculionidae

224 .
Bagoinae

Baridinae
Brachyceropseinae
Ceutorhynchinae
Conoderinae
Cossoninae
Cryptorhynchinae
Curculioninae
Cyclominae
Entiminae

5
226
227
228
229
230

FEER

Frbt

lu
]
-

Hyperinae
Lixinae

ra Lra
ey [y
=

Mesoptiliinae
el Molytinae

8 cs s
L& orobitidinae

237

259 o .
- Cimberidinae
8 Nemonychinae
261 . o Nemonychidae
Prey Rhinorhynchinae
Slonikinae Se
263 .
———— @ Obrieniidae
265 .
_-_zss Afrocoryninae
l——_— Aglycyderinae
267 .
264 —2?5— Allocoryninae
——_— Hispodinae Oxycorynidae
269 . .
_z-_ Metrioxeninae
70 k
el (xyCOryninae
272
71 Myrtonyminae .
273 Y y. - Raymondionymidae
Raymondionyminae
275 .
2 i ] sctheinae
276 . L
—il——I— Pterocolinae Rhynchitidae
277
-

Rhynchitinae

——— Ulyanidae

T ¥iphaspidinae

c. Alonso-Zarazaga

& Lyal (1999)
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Taxonomic databases — an immediate application of the concept approach.

NMNH Department of Systematic Biol...

5'“3 Department of Systematic Biology sec. Wilson & Reeder (1993)

Smithsonian Vertebrate Zoology

National Museum of
Natural History

Division of Mammals

Mammal Species of the World (MSW)

The Mawunal Species of the World (33 contains the names of the 4,629 currently recognized species of marmmals, in a taxonomic herarchy that mcludes Order, Family, Subfamily, and Genus. The
information was takeen from:

Wilson, D. E., and D. M. Reeder (eds). 1993, Mammal Species of
the World. Swithsonian Institution Press, 1206 pp. [Availabhle
from Smwithsonian Institution Press, 1-500-782-4612 or
T03-435-7809.)

The list was compiled by an mternational team of contributors. It can be used az an on-line reference, or adapted as an authortty file for collections management activities of marmmal collections.

The list was compiled under the auspices of the American Society of Marmmalogists. Copyright 1993 Smithsonian Institution, Washington, DC USA. All vights are reserved. The data in this checklist of
matnmal species of the world are being presented for non-comumercial, personal, and collections management use only. Copying or redistributing these data m any manner for personal or corporate gain 12 not
permitted.

= How to use the MNISW

n Go to the Root of the NMISW Tree

= Search the MSW bv Scientific Naine

= Search the MSW bv Cominon Namne

= Browse the MSW Literature Citations (750K text/htl)

u Browse the Checklist of Mammal Names as Text (200K text only)




Taxonomic databases — an immediate application of the concept approach.

| NMNH - Mammal Species of the World |

e % Smithsonian

National Musewm of Natural History

MSW Scientific Names

| Mammal Species of the World

MSW Scientific Name List

|
sec. Wilson & Reeder (1993)

| Query I | Home I

Copyright 1993 Smithsonian Institution. All rights are reserved.

Lasiurus
* Ruthor........: Gray, 1831
* Citation......:Zool Misc, 1.38.

Dagvpterus, see Hall and T [more].

Search TTENM Collections for Lasiurs

‘ NMNH - Mammal Species of the World |

Copyright 1993 Smithsonian In

Hame

Lasiurus
Lasiurus
Lasiurus
Lasiurus
Lasiurus
Lasiurus

borealis
castaneus
cinereus
L]
agregius
intermedius

Lasiurus

seminolus

E % Smithsonian

National Musewm of Natwral History

MSW Scientific Names

Copyright 1993 Smithsonian Institution. All rights are reserved.

A tatal af 7 were retrieved

Lasiurus seminolus

+ Author........ (Fhoads. 18%5).
¢ Citation...... Proc. Acad Nat Sci Philadelphia, 4732
+ Common Hame. .. Semincle Bat

+ Dpistribution.. Flonda and Tezas to Oklahoma and Virginia; Pennsylvania and Mew Tork (TSA4); Bermuda. 1T
Veracruz (Mexico) record unverified.

Type Locality. USA, Flerida, Pinellas Co., Tarpon Springs.

...... Subgenus Lasiurus. Probably only a subspecies of boreadis since the characters do not held, see
Eoopman et al (1957re£168), but also see Baker et al. (1988ref). See Willdns (1987ref, Mammalian Species, 280)

*
s
=
o
w

Distribution Map for Lasiurus seminolus:

Search TSN Collections for Lasiurus sepnnalus
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- 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)



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.



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.
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SEEK schemas and tools in support of concept taxonomy.

- “Taxonomic Concept Schema” — an XML

schema that allows the exchange of

container,

taxonomic information stemming from a

Container for voucher
(representation of specimen)

ok wide range of taxonomic databases and

ggg:;isn‘er For publication - m 0 d e I S .

[ Hame &

- A two-year community-wide effort;
was adopted as a TDWG standard

at the 2005 meetings in St. Petersburg.

oot elernent of the data
zet,

Stores ex plicit, taxonomic
and nomenclatural
relationships that are part of

[ amoncanients - (£ Toonconcen B+ <mEH Lk - Enables taxonomic providers to “translate”

Containet For concept

records, . r-a SpecimenCircumscription 1 1 H

Somonof S o [ pecmencraumenien | name-based information into concepts for
concept can be represented, H
including a reference to the '
GUIL of an existing
Concept, [A)]

define the concept.

the purpose of data merging and periodical
updates.

Mechanism to allow For the
extension of the schema For
specific applications,

RelationshipAssertions

Container for taxonomic aszertion
recards

[ w095 xsd

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



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

SEEK schemas and tools in support of concept taxonomy.

oo w [ra|rafrafra oo frafraramo| = ==z === === =
'\J‘_"G‘m|m|\"|m|"h|’:‘|"”|'\3|_'|D‘m‘m|\"|m|"7~'|j"‘|m|m‘_“G‘m|‘j:||w||:n|’—'1|j:.|m M‘

|
=0

Al - /& Relationship_ID
A | B | © | D [ E | F | G | H [
Relationship_|D From_ID Fram_Mame From_Source Relation  To_|Dv To_Name To_Source
10000 220000108 Achyronychia cooperi FIMA Yol & = K1972700 Achyronvchia cooperi LUSDA Plants 2003
10001 25000047 Cerastium nutans var. nutans FMA Yol & = K1990300 | Cerastiurm nutans var. nutans LSDA Plants 2003
10002 250050048 Cerastium nutans var. obtecturn  FNA Yol 5 = K1990500 | Cerastiurm nutans var. obtectum  USDA Plants 2003
10003 220003343 Corrigiola litaralis FHA Yol 5 = K1991800 Corrigiola litoralis USDA Plants 2003
10004 220005528 Geocarpon rninimurn FHA Yol 5 = K1994500 Geocarpon minirmurn USDA Plants 2003
10005 220006471 Holosteum umbellatum FMA Yol & = K1996100 | Holosteurn umbellaturn LUSDA Plants 2003
10006 220006496 Honckenya peploides FMA Yol & = K1996300 Honckenya peploides LIZDA Plants 2003

10007
10003
10009
10010
10011
10012
10013
10014
10014
10016
10017
10018
10019
10020
10021
10022
10023
10024
10025
10026
10027
10023
10029
10030
10031
10032
10033
10034
10035
10036
10037
10033
10039
10040
10041
10042
10043
10044
10045

Taxon Concept Relationship Mapping Tool
From concept:

EDA Plants 2003
DA Plants 2003
DA Plants 2003
DA Plants 2003

Saponaria officinalis  (FNA Vol 5)

Current record # DA Plants 2003

DA Plants 2003
DA Plants 2003
DA Plants 2003
DA Plants 2003

Total record nurm

Goto recard : [ 1000

3|

Go

To concepts:

D4 Plants 2003
DA Plants 2003
DA Plants 2003

<< Previous ‘ Mext =>

Relation Mame In Source
= Saponaria ocymoides
ia pumilio

> 3.

Source
USDa Plants 2003
USD4 Plants 2003

LS Plant:

DA Plants 2003
DA Plants 2003
DA Plants 2003
DA Plants 2003
DA Plants 2003
DA Plants 2003
DA Plants 2003
DA Plants 2003

Add
Delete

DA Plants 2003
DA Plants 2003
DA Plants 2003
DA Plants 2003

DA Plants 2003
DA Plants 2003

Relation Name In Source Source
< j | Saponaria officinalis j | U3DA Flanks 2003 j
Comments

DA Plants 2003
DA Plants 2003

Comments here to explain relationship assertion...

DA Plants 2003
DA Plants 2003
DA Plants 2003
DA Plants 2003
DA Plants 2003
DA Plants 2003
DA Plants 2003
DA Plants 2003

Select Family:

E

250060907 Spergula mongoni FHA Yol &
250060508 Spergula pentandra FHA Yol &
250060512 Spergularia canadensis var. canade FNA Yol &

2064750 Spergula marisonil USDA Plants 2003
K2064800 Spergula pentandra USDA Plants 2003
K2085300 Spergularia canadensis var. cana USDA Plants 2003




SEEK schemas and tools in support of concept taxonomy.

- In progress: user-driven design of a concept relationship visualization and editing tool.

= Concept Relating Tool

File Edit View Concepts Tools Window Help

Neor

List | Matrixl

File 1 - Simmons 2006

File 2 - Koopman 1993

Simmons Concept#1
Simmons Concept #2
Simmons Concept #3
Simmons Concept#4
Simmons Concept#5
Simmons Concept #6
Simmons Concept #7
Simmons Concept #8
Simmons Concept #9
Simmons Concept#10
Simmons Concept#11
Simmons Concept#12
Simmons Concept#13
Simmons Concept#14
Simmons Concept#15

Simmons Concept#17
Simmons Concept#18
Simmons Concept#19

Relate
Show Details

Show All Details

Koopman Concept #1
Kooprman Concept #2
Kooprman Concept #3
Kooprman Concept #4
Koopman Concept #5
.ooprnan C #6
Kooprman Concept #7
Kooprman Concept #8
Kooprman Concept #9
Koopman Concept#10
Koopman Concept #11
Koopman Concept #12
Koopman Concept #13
Kooprman Concept#14
Koopman Concept #15
Kooprman Concept #16
Koopman Concept #17
Koopman Concept #18
Koopman Concept #19

Show Relationships — » |

All

Custom ...




SEEK schemas and tools in support of concept taxonomy.

- In progress: user-driven design of a concept relationship visualization and editing tool.

= Concept Relating Tool

File Edit View Concepts Tools Window Help

Neor ¢ v.

Koopman
1

Koopman Koopman Koopman
€2 c3 c4

Koopman
c4

Koopman
€5

Koopman
cs

Simmons
C1

NIA

Simmons
c2

Simmons
c3

e

N/A

Simmons
c4

B -

R

> >

Simmons
cs5

= OR =<

Simmons
C6

<

SC6== SC6==
KC2 + KC3 | KC2 + KC3

Simmons
c7

? - )

Simmons
c8

hiA

Relate

N/A | ==

Simmons
cs

M ?

Show Details

Show Al Details

Show Relationships — »

MiA

Koopman
c7

Koopman
ca

S

>

MNiA




Summary and conclusions.

- Linnaean names and synonymy neither support all our resolution needs in biodiversity research, nor
a full documentation of the taxonomic process.
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and semantic precision when needed, without sacrificing or altering any of the desirable properties
of the Linnaean system.



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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