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Abstract 

Ontology applied to biodiversity domain is a valuable resource and has contributed for information access and dis-
semination, at the same time provides a conceptual visualization of documents and increasing information extraction 
methods of documents. This paper presents CLOSi database schemas to support ontology descriptions, for biological 
data domain, promoting improvements in the process of semantic data extraction for the Web environment.  

1. Introduction 
Ontology was ranked as one of the top 10 technologies forecasted for 2005 (Denny 2005). Parallel to that, 
there are a growing amount of available biodiversity data that are stored in online repositories and consti-
tute the base for decision-making process aiming conservation and sustainability.  

Ontology is a specification of a conceptualization, that is, a description of concepts and relations 
that can exist for an agent or an agent community (Guarino 1997). Ontology can take a variety of forms, 
but necessarily it should include a vocabulary of terms, and some specification of their meaning. This in-
cludes definitions and an indication of how concepts are inter-related which collectively imposes a struc-
ture on the domain and constrains the possible interpretations of terms.  

According to the Global Biodiversity Information Facility (GBIF), the worldwide holds an esti-
mated two to three billion-biodiversity specimens, with 75% of these collections in developing countries 
(Fonseca 2001). The two main obstacles in documenting and using the biodiversity datasets are their het-
erogeneous nature and their scattered distribution over the world.  

A proposal to solve the problem of biodiversity data integration would be to create a biological 
ontology. This ontology tends to be huge and complex because of the data types found in the domain and 
would have links with the sources of biodiversity information as it is suggested in the information systems 
based on ontology. This proposal confirms the adequacy of this approach for the data extraction process of 
scientific collections.  

Once the main obstacle to the knowledge integration comes from the lack of a basic conceptuali-
zation of the domain that will be used, ontology emerges as the key point in the search of integration.  

In the scope of our study, the need of using ontology for extracting data of biodiversity collection 
documents appears, taking into account the semantic aspects of these data and its need of interoperability.  
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2. Biological Collection Data Schemas: CLOSi Database for Bio-Information 
The Instituto Nacional de Pesquisas da Amazônia, INPA, has 50 years of tradition in studying the Amazon 
ecosystems. During this period, organisms collected were deposited in the collections of the Institute. 
They are divided into six botanical, four micro-organismal, and nineteen zoological collections, consisting 
of vertebrates and invertebrates (Campos dos Santos 2003).  

Despite the lack of a clear protocol guiding INPA to concentrate collecting effort in certain areas, 
and by not establishing taxonomic groups as a high priority, INPA is considered the most prominent insti-
tute in taxonomic research in the western Amazonia.   

The fact is that scientific data sets are abundant, but incompatible and dispersed. This has led to 
the development of spontaneous systems, in which applications are driven by specific problems without 
taking into account the need of data integration or their dissemination. Also, there are no catalogues avail-
able that indicate the existence of such data and access to the few data sets can only be done on an ad hoc 
basis. Usually, the scale and data content are inconsistent, with no history, unknown quality and no 
method to qualify it (Campos dos Santos 2003). 

In 2003, Campos dos Santos proposed CLOSi (Clustered Object Schema for INPA's Biodiversity 
Data Collections) that can be the basis for an integrated view of its biological collections data. It is a con-
ceptual database schema developed to facilitate and stimulate the development of INPA’s biological col-
lection databases. It comprises 6 clusters (Collection_Management, Taxonomy, Reference, Collect-
ing_Event_Of_Collection, Locality_Of_Biodiversity_Data, Agent_Of_Col-lection,) each cluster is de-
scribed by a set of classes of objects complemented by defined control values of inter-related objects that 
can be the basis for an integrated view of biological collections data. The schema is the result of a investi-
gation performed in selected scientific institutes in the Amazon region where information was structured 
to represent biological collection data and events that make use of the data.  

The main objective of the investigation was evaluate the real situation of biological collections in 
the Amazon region, understanding the information flow within a collection and amongst collections, de-
scribing the components, functions and events that manipulate collection information. Since no compre-
hensive compilation about biological collections had been gathered before, this research became an impor-
tant source of information that can be used by institutions and researchers.  

3. Using Ontology for Data Extraction 
Extraction based on ontology is classified as semantic data extraction. An extraction is said to be seman-
tics when it is based on an abstract model of the reality, which describes concepts that can be associated 
and present attributes that characterize it. This model is the input for the extractor that identifies values of 
these attributes in data sources and generates instances of these concepts as result. 

An extraction ontology is an augmented conceptual-model instance that serves as a wrapper for a 
narrow domain of interest such as biological collections documents. The conceptual-model instance in-
cludes objects, relationships, constraints, and data-frame descriptions of strings for lexical objects. When 
an extraction ontology is applied to a document such as a web page, the ontology identifies objects and re-
lationships and associates them with named object sets and relationship sets in the ontology’s conceptual-
model instance and thus wraps the page so that it is understandable in terms of the schema implicitly 
specified in the conceptual-model instance (Embley 2005). Basically, the ontology process for semantic 
semi-structured data extraction can be summarized as: the ontology is used as an extractor for specific data 
from electronic documents, found in the Web or elsewhere; the extracted data generates a database that 
follows the ontology structure.  

For ontology graphical representation, once it can be defined as a conceptualization, database con-
ceptual models can be used. Embley opted for the Object-Oriented System Model (OSM) (OSM 2005). In 
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general, a good conceptual model for database design, robust enough to represent the application domain, 
can be used. For ontology textual representation, ontology languages must be used. Embley uses a script 
that combines Melody language (Liddle/Embley/Woodfield 1995), developed exclusively to textual repre-
sentation of OSM, and Perl regular expressions.  

4. CLOSi Schemas Towards Ontology Definition 
Since the conceptual design of CLOSi was originated from multiple sources it is possible to accommodate 
multiple sets of biological information requirements from users. The schema covers most of the general 
aspects of biological collections. The involvement of a large community that deals with collection data 
during the process of investigation had ensured the usefulness in multiple collection sites. The schema has 
its own syntatic definition and controlled value classes. These characteristics contribute as key points to 
utilize CLOSi as support to modeling ontology for data extraction.  

Figure 1 permits visualization and identification of important components for ontology modeling. 
The semantic characteristics of the schema, its syntatic definition and the controlled value class can be 
easily used to support an extraction ontology description. Figure 1(a) represents the description of CLASS 
Habitat. Figure1(b) shows the cluster Locality_Of_Biodiversity_Data. This cluster describes information 
about the Location where the data was collected. It defines classes Locality, Named_Place, Habitat, Spa-
tial_Domain_Coverage, Cartographic_Reference, Geo_Reference_Object and the subclasses Chain, Line 
and Point. Figure 1(c) specifies the controlled value class HabitatType. A class is called controlled value 
when its objects are pre-defined.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Fig. 1: Instance of CLOSi structure. 1(a). Description of CLASS Habitat – CLOSi syntax; 1(b). Object 

class Locality, its relationships and attributes; 1(c). Controlled value class HabitatType (partial).  
 

We must not forget that extraction ontology concept goes beyond a mere conceptualization. Even 
if similar to the concept of a conceptual model, the difference between ontology and a conceptual model 
exists. A conceptual model describes, among other things, the structure of data in a high level of abstrac-
tion. The ontology emphasizes the extension of relationships definitions and concepts, presents an explicit 
objective of sharing knowledge through the definition of a common structure and vocabulary (Gruber 
1993). 
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Biodiversity domain is not trivial. It is a huge universe that demands complex and powerful ap-
proach to be captured. CLOSi schemas offers facilities to do this satisfactorily.  

The use of CLOSi schemas to support ontology description, specifically in biological data domain, 
to improve the process of semantic data extraction in the web can be seen in Figure 2. It permits the visu-
alization (partially) of a textual and graphical representation of an ontology. The ontology was modeled 
based on the instances of CLOSi schema presented in Figure 1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2. Partial extraction ontology for biodiversity data domain.  
2(a). Textual representation of ontology modeling using Melody; 2(b). Graphical representation of ontol-

ogy modeling using OSM.  
 
Figure 2(a) shows the textual representation of an ontology using Melody Language. The code is 

composed by information obtained in Class Habitat description, Figure 1(a), and in the controlled 
value class HabitaType, Figure 1(c). Figure 2(b) illustrates a graphical representation of an ontology 
using an OSM schema. This schema was modeled based on the object-class Locality from CLOSi 
schemas in Figure 1(b). The CLOSi class Locality itself could have been used to represent graphically 
the ontology, instead of utilizing an OSM schema. CLOSi database schemas are semantically expressive 
to represent graphically an ontology, and its structure can be used to compose textually the ontology  

This is a strong evidence that CLOSi schemas can be used to describe biological collections on-
tology taking into account that, it has a robust structure allowing representation of complex classes of its 
domain and define a specific vocabulary.  

5. Discussing the Approach 
Building domain ontology is a difficult task. Methods, tools and guidelines are required to drive ontology 
engineers in performing their activities. Ontology is useful for understanding and interaction between peo-
ple, serving, for example, as reference of the consensus acquired for use by a professional community 
about technical vocabulary to be used during its interactions. Moreover, the figure of an expertise is de-
manded for the modeling process of a domain ontology. 

CLOSi is a conceptualization for biodiversity collection domain. It can be used as a base for bio-
diversity ontology domain design. Its classes (including the controlled valued ones), objects and relations 
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are substantial resources to define a biological collection ontology. The biodiversity domain is extremely 
large and complex, CLOSi helps to delimit the application scope.  

Data extraction is a necessary technology to deal with the huge and growing collection of unstruc-
tured and semi-structured data and information available on the Web. Ontology-based data extraction is a 
robust approach, but the design of ontology is a technical task requiring the services of human expertise 
and an ontology engineer. CLOSi plays the human expertise role for biodiversity data domain and sup-
ports the activities of the ontology engineer.  

6. Concluding Remarks 
Despite their importance, few ontologies applied to a specific domain description exist and building them 
is a difficult task. The task involves the specification of concepts and relations that exist in the domain, be-
sides their definitions, properties and constraints.  

A major impediment is the lack of guidelines on what knowledge such ontologies should contain 
and what design principles they should follow. In the bioinformatics domain, for example, different com-
munities used different approaches to build very different ontologies for semantically describe the same 
domain. Further, in order to build a generic and rich domain ontology one would ideally need to inspect a 
large number of Web services in that domain and specific documents of that specific application area. 
Therefore any help that support ontology curators become crucial. 

CLOSi had showed to be a useful solution for the exchange and communication of biological in-
formation to the wide biological research audience, facilitating the research on our biological resources, 
satisfying our growing need for answers on their importance for the biosphere. It has proven to be a pow-
erful methodology that can be used for ontology design.  
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