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1. Introduction

Scientists have been organising the forms of natural life
into structured hierarchical systems since Linnaeus in the
18th century. Much more recently, computer scientists have
developed a class of languages, called description logics
(DL), that are aimed at describing concepts so that they may
be automatically classified in hierarchical structures. These
languages are being adopted in recent proposals for ontol-
ogy definition that underly the Semantic Web, particularly
OWL-DL[1].

In this paper we study the applicability of modern de-
scription logics to the application of animal systematics. We
would like to improve both the process of scientific clas-
sification itself, and the methods for communication and
integration of taxonomic knowledge. As a case study, we
consider a published scientific treatment of Epopostruma,
a genus of Australian Formicidae (ants) [3]. We focus on
expressing the morphological characters of Epopostruma,
that is the features that derive from the form, structures, ho-
mologies and metamorphoses which characterise an indi-
vidual. We express these characters in the description logic
ALCOHI O+ (D) underlying OWL-DL. RACER [2] is a
readily-available reasoner for ALCOHZOx+ (D)™, and is
used in this paper to support the development of the DL
application to animal systematics. We have used the native
syntax of RACER for DL expressions in this paper.

We find that most of the language used in a scientific de-
scription is readily adapted to the formal description logic
language, with the exception of spatio-temporal elements
and some higher-order constructs. We show that the reason-
ing capability is sufficient for consistency checking and re-
trieval of taxonomic knowledge. We discuss some benefits
of the representation to assist the work of biological system-
atists.
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2. Results and Experience
2.1. Modelling

Selecting the primitive, or fundamental concepts of the
domain is a key modelling step in ontology design. We en-
countered generic primitives, such as taxa, types, compo-
nents, features and publication information such as date and
author. Other primitives are more specific to the description
of Epopostruma, such as anterior, posterior and dorsal as
concepts and lighter-than (referring to colour shade) as a
role primitive. The following quote demonstrates the use of
such terms, followed by its expression in DL:

Anterior face of postpetiole continuous with dor-
sal face.

(implies |anterior| |component|)
(implies |anterior face| |facel|)
(implies |anterior face| |anterior]|)
...(and |anterior face]

(some |continuous with|

(and |dorsal face]
(some (inv |has component|)
(and |postpetiole|
|alata component])))))

Some expressions in the text required expression of
background information not directly evident. For example,
we found it necessary to define a component concept for
each taxon, such as alata component above. This enables us
to describe relationships between parts and to ensure that
the description refers to parts belonging to the same taxon.
We also found cases where direct appeal to the services of
the DL is preferable to the creation of primitives. For exam-
ple, distinct can be modelled via concept disjointness.

2.2. Inexpressible Concepts

We recognise that spatio-temporal concepts are often im-
portant in taxonomy and cannot be adequately represented
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in ACCOHZOx+(D)~. We also found some morpholog-
ical descriptions that could not be directly represented, in-
cluding higher order statements such as

In dorsal view the postpetiole are expanded later-
ally, the extensions generally solid and wing-like,
or in one case, limited to broadly rounded poste-
rior extensions.

2.3. Queries

Having translated the formal morphological description
to DL, we can use the RACER reasoner to answer queries.
We found that response times ranged up to 85 seconds for
some instance queries. The following two examples, each
followed by its answer, demonstrate what can be done.
The first uses ALCQHZOx+ (D)~ support for concrete do-
mains.

Type specimens What Myrmicinae have type in-
stances with the given range of dimensions?

(concept—instances (and Myrmicinae

(>= TL 4.7) (<= TL 5.6) (>= HL 1.14)
(<= HL 1.29) (>= HW 1.21) (<= HW 1.43)
(>= CI 103) (<= CI 111) (>= ML 0.57)
(<= ML 0.67) (>= MI 47) (<= MI 52)

(>= SL 0.66) (<= SL 0.74) (>= SI 52)

(<= SI 56) (>= PW 0.64) (<= PW 0.81)
(>= AL 1.14) (<= AL 1.36)))

(I(URL)Epopostruma lattini (holotype worker)|
|(URL)Epopostruma frosti (holotype worker)|)

Identification What Alata have a postpetiole which in
the dorsal view demonstrates an extension which is not solid
or not wing-like?

(concept—children
(and Alata

(some |has component|
(and |postpetiole|

(some |in view|

(and |dorsal view|
(some |demonstrates extension|
(not (and [solid| |wing—Tlike|)))))))))

((langelal))

3. Application to Animal Systematics

First, a description logic representation and the associ-
ated reasoning capability can assist the systematist to com-
pose and organise the character descriptions of taxa. A rea-
soner can assist the systematist to ensure that descriptions

are logically consistent; that a description adequately distin-
guishes a taxon and correctly applies to sub-taxa; and that
descriptions of taxa are consistent with specimen descrip-
tions. This may be especially useful in the compilation of
major collaborative reference works which cover many dif-
ferent areas of taxonomical expertise.

In concert with other tools for English translation and
pictorial representation, description logic could be a pow-
erful training tool for systematics. Description logic can be
used to explain and relate the language terms that are used
in a taxonomic discipline, and to promote the disciplined
modelling required.

The formal representation can support the automatic
generation of user interfaces to biological software systems.
For example, automatically generated query interfaces that
are specialised to taxa, ecological domains, or morpholog-
ical characteristics can be used to search heterogenous col-
lections of biological databases.

Finally, description logic enables the long term, exten-
sible, machine-interpretable representation of some biolog-
ical knowledge. The formal description of morphological
characters in DLs can assist in the long term management of
nomenclature, capturing the reasoning behind naming de-
cisions and permitting automatic reclassification of speci-
mens when nomenclature is changed. It can also be used
for species identification in circumstances when traditional
taxonomic keys cannot be used.

Our case study shows that it is possible to represent sub-
stantial scientific knowledge in the language of the Seman-
tic Web. Work is needed to develop tools that incorporate
description logic capability within an environment that is
attuned to the work practices of systematists. We believe
that adoption of the technology by the systematics commu-
nity could give the science all the advantages of machine-
understandable semantics attributed to the Semantic Web.
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