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Abstract

This poster presents the results of an investigation into the
use of ontology technologies to support taxonomy functions.
Taxonomy is the science of naming and grouping biological
organisms into a hierarchy. A core function of biological
taxonomy is the classification and revised classification of
biological organisms into an agreed upon taxonomic structure
based on sets of shared characteristics. Recent developments in
knowledge representation within Computer Science include the
establishment of computational ontologies. Such ontologies are
particularly well suited to support classification functions such
as those used in biological taxonomy.

Using a specific genus of Afrotropical bees, this research project
captured and represented the taxonomic knowledge base into
an OWL2 ontology. In addition, the project used and extended
available reasoning algorithms over the ontology to draw
inferences that support the necessary taxonomy functions, and
developed an application, the web ontology classifier (WOC). The
WOC uses the Afrotropical bee ontology and demonstrates the
taxonomic functions namely: identification (keys) as well as the
description and comparison of taxa (taxonomic revision).

The Problem: Taxonomic Impediment

The taxonomic impediment is the term used to describe the crises in
taxonomy due to a shortage of skills and resources, as well as a lack
of funding and interest by younger scientists [6]. Taxonomy is under
pressure due to high demand for identification services, as well as the
lack of expertise and resources due to the highly specialised and time-
consuming functions taxonomists perform.

Using the specific case under investigation namely Afrotropical Bees,
very fewtaxonomists worldwide exist,and most of themare considering
retirement. Afrotropical bees are one of the largest pollinator groups
in Southern Africa, which makes them a biologically important group
of organisms [3, 4] and the number of taxonomists that specialise in
this specific group are declining significantly.

We worked with a domain specialist, Dr Connal Eardley, in this project.
This research investigated how ontology technologies can assist and
support biological taxonomy and taxonomists, first in describing
species and their relationships to one another, and second, in the
identification of specimens.

Figure 1: Colletes capensis Cameron A: Female; B: Male.

Taxonomists have two main functions: the identification and
description of taxa, and the identification and establishment of new
taxa into biological science [6]. Taxonomic revision is the description,
identification and/or revision of new genera or species based on a
combination of morphological characteristics.

Taxonomists often publish taxonomic knowledge in a way that allows
for identification of organisms namely a key. Taxonomic keys are tools
constructed from taxonomic knowledge used for the identification of
organisms or taxa using unique characteristics or features [12]. These
features represent the set of characteristics that can uniquely describe
a taxa or taxon. The keys display the features as choices to the user,
and through the choices, the user navigates the set of features until
a specific taxon is identified. Keys are often computerized by using
platforms such as Lucid [8, 9].

Male. Length 9.3-11.1 mm; integument usually black, T6—T7 orange in M. seewaldi; clypeus gently convex,
short, clypeo-ocellus:clypeus 1:0.7; antennal flagellum convex ventrally; vertex short, orbit—occiput:orbit—ocellus
1:10; orbit-ocellus:gena length 1:1.0; mandible with three similar teeth, a large tubercle medially on ventral edge;
forecoxa spinose; tarsi unmodified, without large fringes; T3-T5 with distinct preapical ridges.

Identification key
1. Female clypeus distinctly modified, ventral edge concave mediolaterally, pointed or tuberculate medially; male unknown. . . .
.................................................................................................... 2
Female clypeus unmodified, ventral edge entire and horizontal. ... ...... ... ... . i i 4
2. Ventrolateral region of clypeus flat; vestiture of Tlwhite. ................. ... .. ....... Megachile trichroma Friese.
Ventrolateral region of clypeus tuberculate; vestiture on T1 black orwhite .......... ... .. ... . i, 3
3. Ventrolateral region of clypeus stongly tuberculate; vestiture on T1 black ................... Megachile cornigera Friese
Ventrolateral region of clypeus slightly convex; vestiture on T1 white ..................... Megachile braunsiana Friese
4. Metasoma clothed mostly with bright orange vVestiture ... ... ... .. ... ..ttt it 5
Metasomal vestiture partly WHite . . ... ... ... e 6
5. Head and mesosoma brownish—orange. .. ....... ...ttt it Megachile dorsata Smith
Head and mesosoma mostly black .. ....... ... it e Megachile cognata Smith
6 Metasomal dorsum with incomplete white distal fringes, black vestiture mesally, white hair semi—erect ..................
............................................................................. Megachile ianthoptera Smith
Metasomal with complete pallid, appressed distal fringes .. ....... ..ottt i i i i e 7
7. Mesosomal dorsum mostly with reddish—orange vestiture; male T6 acutely pointed posteromedially . ....................
................................................................................ Megachile discolor Smith
Mesososomal dorsum with whitish vestiture, if yellowish-brown metasomal distal fringes concolorous with mesosoma; male
T6 concave posteromedially . . . . ... ..ottt e e e e e 8
8 Metasoma entirely clothed with white vestiture; large species,25Smmlong ............... Megachile rufoscopacea Friese
Metasomal terga black anteriorly, pallid posteriorly; small to medium sized bees, less than 19 mmlong ................. 9
9. Female T6 black; occurring in the South—western Cape Province . . . ............ ... ... ... .. Megachile serrula sp. n.
- Vestiture on female T6 at least partly white; occurring north of the Vaal River (South Africa). ........................ 10
10. Female T6 black, male TO White. . . ... ...ttt i et eie e Megachile angulata Smith
- Female and male T6 yellowish to Orange . .. .........ouuiiuiein ettt eieeaeennn Megachile seewaldi Strand

Figure 2: An example of a taxonomic single access (dichotomous) key.
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Application Development

The application developed to support taxonomy is called the WOC
(the Web Ontology Classifier) and it consists of three components:
the Afritropical bee ontology, the reasoning services and the web user
interface.

The Afritropical bee Ontology

Computational ontologies is a knowledge representation technology
particularly suitable to support classification functions such as those
fundamental to biological taxonomy. Computational ontologies are
developed in the Web Ontology Language (OWL2 [7]) that is based
on description logics (DLs). DLs are often described as decidable
fragments of first-order logic [2]. We used the ontology editor Protegé
[10] that is distributed with packaged reasoners such as Fact++ [5,
11] to develop an OWL2 ontology of the taxonomic knowledge base
of Afrotropical Bees. The ontology uses the core concept diagnostic
feature to represent morphological characteristics [1]. A specific bee
taxon would have body parts that have diagnostic features as depicted
in Figure 3.

> HeadDiagnosticFeature
> MesosomaDiagnosticFeature
> MetasomabDiagnosticFeature
> Feature
v Organism
v Bee
v NamedBee
‘Afranthidium_female_(Megachilidae) ibClass Of
'Afranthidium_male_(Megachilidae)'
@ 'Afrodasypoda_female_(Melittidae)'|
‘Afrodasypoda_male_(Melittidae)'
‘Afroheriades_female_(Megachilidae)
‘Afroheriades_male_(Megachilidae)’
‘Afromelecta_female_(Apidae)’
‘Afromelecta_male_(Apidae)’
'Afrostelis_female_(Megachilidae)'
'Afrostelis_male_(Megachilidae)"
'Aglaocapis_female_(Megachilidae)'

hasDiagnosticFeature some AeroliumOnLegs:PresentC
hasDiagnosticFeature some ClypeusColour:HeadBlackC
hasDiagnosticFeature some EyeConvergenceSeparatedAboveInnerEdgesParallelC

hasDiagnosticFeature some FemaleGenderC

hasDiagnosticFeature some ForeWingBasalVeinShape:StraightOrGently&Symetric|
hasDiagnosticFeature some ForeWingNumberOfSubmarginalCells:TwoC
hasDiagnosticFeature some HindTibialSpurShape:InnerSpurSlenderC

. . - . hasDiagnosticFeature some M&MBlackRedMinorMaculationIntegumentColourC
Aglaoapis_male_(Megachilidae)

‘Allodape_female_(Apidae)’
‘Allodape_male_(Apidae)’
'Allodapula_female_(Apidae)'
‘Allodapula_male_(Apidae)’
'‘Amegilla_female_(Apidae)’
‘Amegilla_male_(Apidae)’
‘Ammobates_female_(Apidae)’
‘Ammobates_male_(Apidae)’
‘Ammobatoides_female_(Apidae)’
'‘Ancyla_female_(Megachilidae)'
‘Ancyla_male_(Megachilidae)'
'‘Andrena_female_(Andrenidae)’
‘Andrena_male_(Andrenidae)’
‘Anthidiellum_female_(Megachilidae)
‘Anthidiellum_male_(Megachilidae)’
'Anthidioma female (Meaachilidae)'

hasDiagnosticFeature some MesosomaVestitureDensity:SparselyPubescentBee-lik
hasDiagnosticFeature some OilCollectingHairsOnSterna3-5:AbsentC
hasDiagnosticFeature some OneSubAntennalSutureC

hasDiagnosticFeature some PygidialFimbriae_OnT5Females_Position:DirectedBac
hasDiagnosticFeature some ScopaHair&Shape:VeryDenseC

hasDiagnosticFeature some ScopaPositionHindLegNotCorbiculaC
hasDiagnosticFeature some TongueApexPointedC

hasDiagnosticFeature some TongueLengthShortC

hasDiagnosticFeature some TongueTypeShortC

hasDiagnosticFeature some VentreVestitureFasciae:LongWhiteErectC
hasDiagnosticFeature some VertexShape:NearlyStraight_LevelWithEyesLaterallyQ
NamedBee

Figure 3: The genus Afrodasypoda with its associated diagnostic
features.

The Reasoners

Because an OWL 2 ontology consists of axioms or sets of assertions
based on logic, reasoners can be used to infer consequences and
derive implicit knowledge from the set of explicitly stated assertions.
Standard reasoners were used over the Afritropical bee ontology for
taxonomic identification services or the key functionality that can be
represented by the query ‘which genera or species exist that have this
selected set of diagnostics features? This query would return a set of taxa
that have the selected diagnostic features.

Taxonomic revision could be represented by the query ‘what set of
diagnostic features does a set selected taxa exhibit and in this set, which
of the diagnostic features are common to all the taxa in the set of genera?’
Standard reasoning services as packaged with Protégé do not support
these types of queries, also termed queries using the fillers of existential
axioms and to implement this taxonomic functionality, the standard
reasoning had to be complemented with reasoning supporting fillers
of existential axioms.

The Web Ontology Classifier Application

The ontology and the reasoners are standardized and reusable
components. Given the requirements of taxonomists, these
components were integrated into a web-based application namely the
web ontology classifier WOC). The WOC uses the developed Afrotropical
bee ontology to support the taxonomic functions identification and
revision given the taxonomy of Afrotropical bees and was developed
using Play Frameworks and Java.

The WOC launches with a home page with basic instructions on how
to use the application. ‘Classify and Query allows for uploading an
Afrotropical bee ontology. Upon submission the ontology is classified
and the taxonomic information is displayed as in Figure 4.

Once classified the ontology will be displayed on the page shown in
Figure 4. The diagnostic features are listed in the first column on the
left, and the bee taxa modeled in the ontology are listed in the second
column on the right.

The user has two options:

« select a set of diagnostic features from the first column and submit

(to do an identification query), or,
* select a set of bee taxa on the right and submit (doing a revision query).

Figure 4 depicts the interface:

* Blueinthe left column are the user selected (two) diagnostic features;

* Four bee taxa were found that has the selected diagnostic features
(blue in the right column);

* Redin the left column are the diagnostic features that are common to
the bee taxa;

* Green in the left are the set of uncommon diagnostic features
associated with at least one of the identified bee taxa, but which are
not common to all the bee taxa;

* Black are the remainder of the diagnostic features not associated with
any of the selected bee taxa.

The user can now refine the selections by either adding*or¥femoving
bee taxa or diagnostic features, and the two panes-are updated
accordingly.

The classifier is available online at http://41.185.28.217:9000/. The
source code as well as the ontology and instructions to setup the
application offline can be found on github7 - https://github.com/
Nish01/OntologyClassifierApplication.

Web Ontology Classifier/Viewer

Home | CLASSIFY and QUERY

Elements:

Diagnostic Features: Colour Identification Key:

Blue: Selected/Common Features | Selected/Found Elements
Red: Common Features

Green: Uncommon features to found elements

Count: 238

Figure 4: Two diagnostics features (blue) selected in the left hand
pane result in identifying the bee taxa in blue on the right.

The additional features these blue taxa on the right all have in
common are indicated in red on the left, and additional features
that at least one of the taxon'’s are associated with are depicted in
green (the uncommon features).

Conclusion

Using the specific case of Afrotropical bees, this research
study had as goal investigating whether ontology technologies
and ontology-based applications could support taxonomic
functions. Systematics is in essence a classification system and
computational ontologies are particularly well suited to resolve
classification challenges, especially using qualitative data. The
study developed three contributions namely: 1) the capturing
and representation of the taxonomic knowledge base of
Afrotropical Bees in an OWL2 ontology; 2) using and extending
the use of available reasoners to draw inferences that support
the necessary taxonomy workflows; and 3) the development
of an application, the WOC that integrates the ontology and
reasoning services. The WOC application supports taxonomic
functions namely identification (keys) and taxonomic revision.

The WOC support the requirements captured from the input
of the taxonomist domain expert, and also received a positive
evaluation from a taxonomists in a workgroup. Further research
include: 1)thedevelopmentofadedicated userinterfaceallowing
taxonomists to extend their own specific taxonomy ontologies;
2) integrating mechanisms for supporting the standardised
procedures for the publishing of taxonomic revisions into the
application; 3) an extended user interface for ontology editing;
as well as 4) refinement of the ontological modeling, for instance
including upper ontologies and existing associated domain
ontologies to support standardisation and re-use of taxonomic
knowledge bases.
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