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(Forewords)

Dear Readers.

The ninth volume of the National University of Laos’ (NUOL) Scientific
Journal is established in accordance with the role of NUOL on research and
dissemination which will be informative document for teachers and students of

NUOL.

NUOL Research Coordination Committee, as the editors, have selected
research papers conducted by teachers and staff, some of which were sponsored
by the Lao-Government, and Asia Research Centre (ARC). Others are the

independent research work which are outstanding.

On this occasion, we, on behalf of editors of this journal, would like to
express our sincere thank to the researchers or NUOL staff for their good
cooperation and great contributions, Lao Government and ARC for their financial

support to the researchers, specially this journal.

We apologize for the short-coming, inappropriateness and linguistic errors
which may occur in this publication. We are pleased to welcome all comments and

feedback from all the readers of this publication for further improvement.
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Biodiversity and Environment Data Mining

Somsack Inthasone, Nicolas Pasquier,
Andrea G.B. Tettamanzi, Célia da Costa Pereira

Abstract

The preservation of biodiversity is a crucial challenge of our times. Computer Science
has much to offer in support of the efforts made by scientists in a variety of disciplines to
better understand and govern the phenomena related to biodiversity. We provide a survey of
Information Technology based resources and methods that can be employed to this end. In
particular, we dISCU§S%I) sources of data and information available on the World Wide Web
and the technologies that make them accessible and interoperable, (ii) the methods,
collectively falling under the umbrella term of Data Mining, which allow us to discover new
useful knowledge from the available facts and integrate expert knowledge in the process.

Keywords: Biodiversity, Data Mining, Information Technology, Ontologies.

1 Introduction

Biodiversity, a contraction of ‘biological diversity’, refers to the natural variety and diversity of
living organisms [56]. Biodiversity is assessed by considering the diversity of ecosystems, species,
populations and genes in their geographical locations and their evolution over time. The organization and
distribution of ecosystems in bio-geographical scales also fall within the scope of this evaluation.

The Earth Summit in Rio held in 1992 under the aegis of the United Nations organization led to the
definition of a global convention on biodiversity. All participating countries have officially agreed on the
priority of protecting and restoring the diversity of life that is a vital resource for sustainable development.
Indeed, some services provided by biodiversity are vital (oxygen and air, climate regulation, ecological
balance, etc.) and the disappearance of key species or genetic diversity has unforeseen, and in most cases
irreversible, consequences. Natural biodiversity is then an important factor of productivity and stability of
ecosystems [37].

There is an agreement that the amount of information available increases every day. Most of that
information is digital and then manageable with computer science techniques. While a few years ago, the
problem was to find information, nowadays the problem is how to deal with an excess of information and
to extract useful knowledge from it. This is true in many fields including biodiversity. Data mining
provides theoretical frameworks, methodologies and techniques for analyzing large repositories of
heterogeneous data [2]. In particular, there are currently numerous applications of data mining for
extracting useful information and highlight new knowledge for decision making in various domains such
as business, economy, scientific researches, and social and life sciences [1,7,18].

The aim of this article is to propose a survey of both data mining methodologies and existing in-
formation repositories which could help researchers in the biodiversity field in their intent to stop the
decline of biodiversity and thus safeguard the diversity of life on earth.

Data mining helps to solve a number of important issues for biodiversity studies. Among these
issues, we cite the research of phylotypes, the analysis and understanding of phenotypes and their
evolution, and the analysis of genomics and proteomics data. Proposing a solution for solving these issues
require analytical methods able to deal with large heterogeneous databases and geographical information
systems storing the results of ecosystem studies and analyzes. Moreover, in order to improve the relevance
and accuracy of extracted models, these methods should also allow to integrate both the available
knowledge of the domain studied and the knowledge provided by the experts. The other aim of this article
is therefore to propose a guideline for integrating available knowledge within the biodiversity data mining
process.

The article is organized as follows. In section2 presents definitions, issues and challenges in the
biodiversity fieldwork. Section3 presents literature on state-of-the art technologies and applications for
biodiversity. Section4 briefly presents data mining approaches and their applications on biodiversity
problems. Section5 concludes the article.
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2 Biodiversity

There is a general agreement that biodiversity consists of three main types, or levels, of diversity
as depicted in Figurel. The first type is Genetic diversity, the second one is Species diversity, and the last
one is Ecosystem diversity, or Ecological diversity [20,48,50,56,57]. These are the three levels at which
biological variety has been identified.

Figure 1: Types of diversity: Genetic (inner), Species (middle),
and Ecosystem (outer)

Genetic diversity refers to the genetic variation and heritable traits within organisms. All species
are related with other species through a genetic network, but the variety of genetic properties and features
makes creatures different in their morphologic characteristics. Genetic diversity applies to all living
organisms having inheritance of genes, including the amount of DNA per cell and chromosome structures.
Genetic diversity is an important factor for the adaptation of populations to changing environments and the
resistance to certain types of diseases. For species, a higher genetic variation implies less risk. It is also
essential for species evolution.

Species diversity refers to the variety of living organisms within an ecosystem, a habitat or a
region. It is evaluated by considering two factors: species richness and species evenness. The first
corresponds to the number of different species present in a community per unit area, and the second to the
relative abundance of each species in the geographical area. Both factors are evaluated according to the
size of populations or biomass of each species in the area. Recent studies have shown relationships be-
tween diversity within species and diversity among species. Species diversity is the most visible part of
biodiversity.

Ecosystem diversity refers to the variety of landscape of ecosystems in each region of the world.
An ecosystem is a combination of communities - associations of species - of living organisms with the
physical environment in which they live (e.g., air, water, mineral soil, topography, and climate).
Ecosystems vary in size and in every geographic region there is a complex mosaic of interconnected
ecosystems. Ecosystems are environments with a balanced state of natural elements (water, plants,
animals, fungi, microbes, molecules, climate, etc.). Ecosystem diversity embraces the variety of habitats
and environmental parameters that occur within a region. To preserve biodiversity, the conservation and
protection of a representative array of interacting ecosystems, and their associated genetic and species
diversities, is decisive.

Biodiversity applies wherever there is life, all around the world, from the earth’s surface to marine
ecosystems. Biologists most often define biodiversity as the “totality of genes, species, and ecosystems of
a region”. Ecologists consider biodiversity according to the three following interdependent primary
characteristics: Ecosystems composition, i.e., the variety and richness of inhabiting species, ecosystems
structure, i.e., the physical and three dimensional patterns of life forms, and ecosystems function, i.e.,
biogeochemical cycles and evolving environmental conditions. Even though many application tools have
been developed, evaluating biodiversity still faces difficulties due to the complexity of precise evaluations
of these parameters. Hence, the overall number of species that can be measured and officially identified all
around the world is only 1.7 to 2 millions and 5 to 30 millions respectively [33,34].
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2.1 Environmental Issues

In nature, biodiversity is the key to keep natural balance in changing environmental conditions. It
functions as services, such as consumption service, that is to serve the natural resources to human (e.qg.,
food, clothing, housing, medicines), industrial production service, that is to serve productivity of forest to
be used either directly or indirectly (e.g., extracting chemicals from plants in the forest), and others (non-
consumptive uses) including values of maintenance of ecosystems to be sustainable (e.g., soil
maintenance, nitrogen to the soil, synthesis of plant power, humidity control) [15,19,52,57].

All life on the planet needs nutrients and oxygen, which are the main factors for survival.
Especially, species depend on biodiversity resources produced by ecosystem services. The ecosystem
services can regulate climate changes, dispose of wastes, recycle nutrients, filter and purify water, purify
air, buffer against flooding, and maintain soil fertility [32,37]. Changes in environmental factors and
ecosystems can thus endanger life forms as reported in several scientific studies.

The report of Global Biodiversity Outlook 3 [17] of the Convention on Biological Diversity
(CBD) highlights Ban Ki-moon’s speech, United Nations General Secretary, on the fact that “the
consequences of this collective failure, if it is not quickly corrected, will be severe for us. Biodiversity
underpins the functioning of the ecosystems on which we depend for food and fresh water, health and
recreation, and protection from natural disasters. Its loss also affects us culturally and spiritually. This may
be more difficult to quantify, but is nonetheless integral to our well-being”. The loss of biodiversity
becomes a serious issue for the twenty-first century. Its loss has direct and indirect negative effects on
many factors connecting the elements of biodiversity as well as ecosystems [5].

In Environmental factors, the loss of biodiversity means that the natural balance between environ-
mental conditions and the different types of diversities cannot be conserved, which will affect stability of
ecosystems. This can lead to climate changes, such as the global warming reported in several scientific
studies, and consequently to natural disasters (landslides, floods, typhoons, cyclones, hurricanes, tsunamis,
etc.) [5,14,28,37].

Tourism factors are impacted by environment factors: If they are affected, by natural disasters or
pollution for instance, tourism structure systems, such as aesthetic natural landscapes and historical places,
can be affected, and even destroyed. For example, the effect of pollution on the structure and environment
of the Venice city, in Italy, is known to endanger buildings [12,46,66]. This can impact tourism as natural
landscapes and historical places are attraction sites for tourists, which consequently contribute to develop
economical and social activities [5,28].

Human factors are linked to nutrients, oxygen, and other essential needs which are produced from
biodiversity resources. If the number of biodiversity resources is decreased, the volume of vital products,
such as food, water, plants and animals, will also decrease. This can lead to human’s consumption and
survivability concerns. For example, the augmentation of the production costs can lead to difficulties for
human populations to have access to vital resources, such as medicine, food, etc. [4,5,6,8,28,32].

Society factors are affected by biodiversity loss as most parts of society infrastructures and
livelihood depend on the basic system and structure of nature. One factor is nature productivity that
depends on land structures for agriculture and irrigation, wood materials for building habitats, and natural
and energy materials for other forms of consumption. For example, an important part of people living in
rural societies depend mainly on productivity of agriculture and livestock for their livelihood, while people
living in metropolitan areas need more biodiversity productivity as the demands for food, energy, materials
and other resources are increased (transportation, construction, consumption products, etc.). Scarceness of
resources can thus cause an augmentation in production costs leading to a reduction of the part of the
population that has access to these resources [4,5,14,28].

Economics factors are impacted by direct benefits and added-values of natural resources (e.g.,
food, bio-fuels and renewable energies, animals and fibers, wood materials, bio-medical treatments). These
resources contribute to the economic exchanges between countries around the world through internal and
external commerce. Biodiversity loss, and scarceness of resources, can affect populations from an
economical viewpoint. For instance, the important human population (more than 60 percent) that use bio-
medication for main health cares [16]. It can also lead to higher production costs, implying more
competition, financial crisis, and others economic related issues [5,6,27,38,44].

2.2 Topics and Challenges

Biodiversity loss is a major problem that bioscientists must take into account, considering and
analyzing each parameter of loss. We describe below six main categories of causes and effects on
biodiversity loss, as well as their impact on ecosystems and ecosystem services.

Habitat Loss and Fragmentation Habitat Loss are affected by many factors, for example, defor-
estation for agriculture, sawed timber, factories, etc. [27]. According to the Global forest land-use change
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1990-2005 report by Food and Agriculture Organization (FAQO) [31], the percentage of decrease in global
forest areas is 1.7 percent in 30 percent (3.8 billion hectares) of overall forest areas around the world
between year 1990 and 2005. This decrease is due to deforestation for agriculture, land uses, and other
purposes. In [17], the authors used data and knowledge on percent of deforestation to address and warn
about the problem of habitat loss. In addition, Habitat loss can be caused by natural disasters such as
flooding, earthquake, landslide, and so on. However, habitats remaining from destruction are fragmented
to small parts and resulting fragments are not enough wide for local organisms to live and migrate within,
and among, other organisms [30,59].

Pollution Pollution of the air, land and water is caused mainly by human and natural factors, such
as manufacture, transportation, construction, burned forest, electric power generation, and nuclear power
generation [28]. This cause a risk of poisoning for all living organisms both on land and in the water on the
planet. In addition, vehicle emissions, industrial emissions, and drainage of waste are factors that can
increase carbon dioxide in the atmosphere and directly affect ecosystems. This can lead to climate
changes, as well as global warming. According to Global Health Observatory report by the World Health
Organization (WHO), the number of deaths by air pollution is about 4.6 million people in each year, and
the worldwide percent of deaths by lung cancer about 9%, 5% of cardiopulmonary, and 1% of respiratory
infection [6,53].

Climate Change The CO,Now Organization provides a collection of global climate data from
scientists around the world, showing the status of the global change [13]. These data show that the climate
changes frequently occur and have different impacts on many aspects, especially regarding biodiversity, in
each different zone of the world. For example, in the context of biodiversity in the Arctic zone the polar
bears live on sea ice and other species living under sea ice are affected due to the elevation of temperatures
in high latitudes [17,55]. On the other hand, the climate change is impacting life cycles of humans and
other species on the earth, because of the more uncomfortable and unstable environment [53]. For
example, the migration and adaption of human and other species to new locations due to frequent changes
in environmental conditions [55]. However, the effect of climate change might give rise to abundance and
distribution of individual species around ecosystems such as crops grow, breeding stock, the tides of the
sea, etc. [4,44].

Invasive Alien Species This is the actual most important risk for biodiversity loss globally.
Invasive Alien Species, whether present deliberately or coincidentally, can create intense issues in the
biological ecosystem that can lead to the disappearance of numerous species and to difficulties to survive
for other local species. The report of Global Biodiversity Outlook 3 report of the Convention on Biological
Diversity (CBD) depicts for each different category of species the different portions that are at distinct
extinction risk levels. It is shown that among the 10,000 species listed, 2,000 species are in the risk or
extinction zones. In [17], is also reported the sample data of alien species of 57 countries, where have been
found more than 542 alien species. In addition, this issue will cause enormous investment expenses for
farming, ranger services, fishery and other related human activities.

Human Populations The human population has a growing factor at an exponential rate and, ac-
cording to the United Nation report on World Population to 2300, the size of the human population will
increase from a growth rate of 2.3 to a growth rate of 36.4 billion. This will increase the consumption and
may thus cause natural resources, as well as ecosystem services, to be insufficient. In order to preserve
human life on the planet, the Food and Agriculture Organization (FAO) estimates and predicts data on the
consumption of human population, and promotes the consumption of edible insects [60].

Overexploitation Overexploitation, in term of humans use of natural resources, means an over-
consumption of ecosystem services by humans (e.g., in fisheries, hunting, and industries). This can lead to
the destruction of the volume of natural resources, for example, the volume of fish stock decreased by
fishery’s overexploitation. According to the Food and Agriculture Organization (FAQO) report, among the
overall 600 marine fish stocks worldwide, 17 percent are overexploited, 52 percent are fully exploited, 20
percent are moderately exploited, 3 percent are underexploited, 7 percent are depleted, and 1 percent are
recovering from depletion. Despite this small overexploitation percent (17%), this is an issue as natural
resources and ecosystem services have limits to serve humans; the actual rate of resources consumption
and the absence of natural resource protection causes risks for different species [19,60].

3 Resources and Technologies for Biodiversity

This section is devoted to the presentation of the major information providers and different
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resources available, and the technologies used to represent data and knowledge related to biodiversity and
environment.

3.1 Resources

The most prominent information providers that propose data and knowledge repositories used for
biodiversity and environmental studies are shown in Figure2. Each one provides contents related to
different domains and categories depicted by the edges in the schema. These providers propose contents of
different types (documents, databases, meta-data, spatio-temporal, etc.), in different categories (data,
knowledge and documentations) and for different domains of application. Two main categories of
resources are considered in this classification diagram. The Data category corresponds to resources
depicting facts about species (animal and plants) and environmental conditions in specific areas. The
Frameworks category corresponds to resources depicting both tacit and formal knowledge related to
biodiversity and environment analytical application domains. Several providers, such as ESABII (East and
Southeast Asia Biodiversity Information Initiative), IUCN (International Union for Conservation of
Nature), and OECD (Organisation for Economic Co-operation and Development), give access to both data
and frameworks resources.

In the Biodiversity Policy knowledge domain, information concern issues of principles, regulations
and agreements on biodiversity. Amid these resources, we can cite BioNET, CBD, ESABII, IUCN and
UNEP that provide information to serve and follow up among botanists, biologists and researchers in
“globalization”. For example, the Agreement of the United Nations Decade on Biodiversity 2011-2020 aims to
support and implement the Strategic Plan for Biodiversity®.

The Environment domain refers to results of researches and repositories on this area to scientists or
people who want to know status of environment on the earth, especially the biologist who works on this
issue. The major actors in this category are BHL, BioNET, CBD, ECNC, IUCN, KNEU and UNEP that
are organizations which regularly publish reports and results of studies on domains related to biodiversity
and environment, such as the Protected Areas Presented as Natural Solutions to Global Environmental
Challenges at RIO +20 published by the IUCN or the Global Environment Facility (GEF) published by the
CDB organization.

The Economics domain corresponds to information from scientists about the status of economics
development, based on effects and values of ecosystem services. The foremost information providers in
this category are CBD, IUCN, OECD and TEEB. Among reports and studies published by these orga-
nizations, we can cite Restoring World's Forests Proven to Boost Local Economies and Reduce Poverty by
IUCN and Green Growth and Sustainable Development by OECD for example.

In the Health/Society domain, repositories supply knowledge information referring to natural re-
sources of ecosystem services and effects. These information have been produced, and their validity was
demonstrated, by researchers from world-wide organizations such as BHL, CBD, IUCN, KNEU and
UNEP. These organizations provide summaries and proposals such as for example, Human Health and
Biodiversity is projected by CBD?Towards the Blue Society is projected by IUCN and Action for
Biodiversity: Towards a Society in Harmony with Nature is published by CBD.

Information providers of data repositories and resources are categorized among the Animals, En-
vironment and Plants categories depending on the research topics and domains of data they provide. These

organizations are: FAOdata which web-based portal provides global data on biodiversity (i.e.,
L http://www.cbd.int/2011-2020
2 http://www.chd.int/en/health
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Figure 2: A classification diagram of biodiversity and environmental information

Data on Plants and Environment represented as datasets, statistics, spatial data, documents,
images, etc.), BIOTIK that is a data repository on plants only in Southeast Asia and some other Asian
countries, BISE that is a portal to serve data and datasets on biodiversity (Plants, Animals, and
Environment) in European countries, GBIF that is a global data center (Data and Datasets) functioning as a
hub of data collections (Plants, Animals, and Environment) from researchers around the world, NBN that
is a portal to share biodiversity (Plants and Animals) data and datasets in United Kingdom, ViBRANT that
is a web-based portal that aims to facilitate for research communities to merge and share biodiversity
(Plants and Environment) data and datasets across European countries and some others, OBIS that is a
web-based portal providing data on global marine species and visual spatial information on marine species
from all the world’s oceans (bio-geography).

3.2 Technologies

A very interesting technology that has been developed within the field of artificial intelligence as
an outgrowth of early efforts aimed at representing knowledge consists of formal ontologies, which are a
key for the semantic interoperability and integration of data and knowledge from different sources.

A definition of an ontology which makes justice of its complexity is the following, proposed in
[22]:

An ontology is a logical theory accounting for the intended meaning of a formal vocabu-
lary, i.e., its ontological commitment to a particular conceptualization of the world. The intended
models of a logical language using such a vocabulary are constrained by its ontological
commitment. An ontology indirectly reflects this commitment (and the underlying
conceptualization) by approximating these intended models.

In other words, an ontology may be regarded as “a kind of controlled vocabulary of well-defined
terms with specified relationships between those terms, capable of interpretation by both humans and
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computers” [62]. From a practical point of view, an ontology defines a set of concepts and relations
relevant to a domain of interest, along with axioms stating their properties. An ontology thus includes a
taxonomy of concepts, a formally defined vocabulary (called a terminology), and other artifacts that help
structure a knowledge base. In a sense, such artifacts may be considered as a generalization of the concept
of metadata in database technology [47]. A knowledge base that uses the terms defined in an ontology
becomes usable by and interoperable with any other system that has access to that ontology and is
equipped by a logic reasoner for it [39].

Recently, an extensive standardization effort has been carried out by the World-Wide Web
Consortium (W3C) in the framework of the Semantic Web movement. The Semantic Web is an extension
of the WorldWide Web that enables people to share content beyond the boundaries of applications and
websites [11]. The W3C has defined widely-accepted standards that make such an interoperability
possible: the OWL 2 Web Ontology language defines the syntax that can be used to write ontologies;
many reasoners are available today that are capable of using ontologies written in OWL 2 to make
inferences on facts stored as RDF graphs [25]. A query language, SPARQL, is available for retrieving facts
from RDF graphs in much the same way as data is retrieved from a database [51]. Data formatted using the
RDF language and linked to ontologies are called linked open data, because their adoption of a standard
format makes them usable to everybody and connected to all other data which refer to the same shared
ontologies. Linked open data is the data layer of the Semantic Web.

Ontologies vary widely in scope and granularity. It is useful to distinguish four kinds of ontologies
according to their level of generality [21]:

 Top-level or upper ontologies describe very general and fundamental concepts like space, time,
matter, event, action, quality, etc., which are independent of a particular problem or domain.

« Domain and task ontologies describe, respectively, the vocabulary related to a generic domain (like
biology) or a generic task or activity (like classifying or mapping), by specializing the terms
introduced in the top-level ontology.

 Application ontologies describe concepts depending both on a particular domain and task, which are
often specializations of both the related ontologies.

For example, a Plant Ontology (PO) [58], containing a conceptualization of plant structures
(including plant cell, plant tissue, and sporophyte) and a controlled vocabulary for describing things like
plant anatomy, plant morphology and plant development stage, may be described as a domain ontology.

In general, ontologies do not contain facts, i.e., data about the instances of the concepts they define
and about their relationships or, when they do, these are limited to a few important facts that are useful to
situate or organize the rest of the knowledge. Facts are usually stored in what we will call fact repositories
which, in some cases, are implemented as or backed by a traditional RDBMS and may contain very large
or huge amounts of data.

It is important to clarify that what may be considered an instance varies depending on the domain
or task. When it comes to biodiversity, a plant species is generally treated as an instance, even though,
strictly speaking, it should be regarded as a concept which groups together all specimens that share a set of
phenotypic and genotypic characters. It is the specific application that dictates what should be treated as an
instance or a concept.

In addition, ontologies have been extensively used in data integration approaches as they provide
an explicit and computer-understandable conceptualization of a domain [10]. One of their major con-
tributions to data integration and analysis is mapping support that is the use of an ontology of terms,
formalizing a thesaurus, for the mapping process to facilitate its automation. The term mapping refers here
to the semantical linking of data through the concepts represented in the ontology. Ontologies also provide
capabilities of generalization and specialization of data according to the ontology concepts and their
relationships. Each data can then be considered at the most appropriate level of abstraction, or aggregation,
regarding the application objectives [29].

The Open Biological and Biomedical Ontologies (OBO Foundry) [3] is the portal of an ontology
consortium that provides approaches and tools to help ontology development in different scientific
domains of interest. In addition, the OBO Foundry is a large repository of candidate and validated
ontologies in a number of scientific domains.

BioPortal [61] is a Web portal repository of open ontology resources that allows to search and
explore ontology terms through an interactive visualization graphical user interface.

Ontobee [40,64] is a web tool to explore and browse ontological terms annotating linked data
from different ontology repositories. Moreover, it supplies visualization and supports the SPARQL
querying language, as well as management of data repositories of ontological terms, hierarchies and RDF
format.
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4 Data Mining for Biodiversity
4.1 Data Mining Concept

Data mining, also known as knowledge discovery from data (KDD), is a set of concepts, methods
and tools for the rapid and efficient discovery of previously unknown information, represented as
knowledge patterns and models, hidden inside massive information repositories [24]. The most prominent
data mining approaches, gaining actually much importance in many application domains to support
decisionmaking, are association rule and pattern mining, classification, clustering and regression. Since its
emergence in the early 1990s, data mining made great strides and continues to flourish nowadays with the
rapid evolution of automatic data acquisition systems, such as digital cameras, satellite remote sensing
systems, bar code usage in retail, data streams in networks, text and image gathering tools, or Massively
Parallel Signature Sequencing (MPSS) of genes for instance, and of storage systems, such as knowledge
and data bases available on the World Wide Web, data warehouses and data marts, or publication
repositories for instance. It is a multi-disciplinary field including solutions from database systems,
statistics, knowledge-based systems, artificial intelligence, high-performance computing and data
visualization.

A data mining process [35,36] is an iterative and interactive process that typically involves the
three following general phases. During the pre-processing phase, data preparation techniques, i.e., data
cleaning, integration, transformation and reduction methods, are applied to generate datasets containing
relevant, consistent and reliable data, from the viewpoint of the application objectives, from heterogeneous
data sources. The modeling phase consists in applying algorithmic methods for extracting knowledge
patterns and models from the prepared datasets. During the post-processing phase, extracted knowledge
patterns and models are presented to the end-user for interpretation and evaluation in order to discover
novel information. The interactive and iterative nature of the process relies on the fact that changes and
decisions made in the different steps of the three phases can result in changes in later steps and in the
extracted patterns and models. Feedback loops between the phases are thus necessary to converge toward a
satisfactory solution.

Even if considerable progress has been made in data mining since its early beginning, many
challenges still remain. Hence, generic data mining systems can have limitations regarding application
specific problems and a trend toward application dedicated systems can be observed nowadays [24]. These
systems aim to handle complex heterogeneous data types, including multimedia, such as images, spatial
and text data for instance, to generate complex knowledge patterns, to integrate domain specific
knowledge represented both in knowledge bases and as users' methodologies and processes, to develop a
unified theory of data mining would address problems in many fields, not only the biological and
environmental one [24,65].

4.2 Techniques and Applications

Nowadays, many researchers and scientists attempt to solve biodiversity problems by using
modern technologies, inventing approaches and techniques to measure and solve occurrence biodiversity
issues. Because of the deluge of information found in data repositories of environmental sciences, coming
from both institutions and amateurs, the use of data mining techniques for discovering new knowledge is
spreading rapidly. There is a vast literature on data mining applications for biodiversity and environmental
studies as follows.

In [9], the authors address the problem of the identification and classification of specimens
through a knowledge-based discovery system. They extend the “classical” approach that consists of the
three following phases: Grouping existing descriptions based on similarity measures by clustering,
building and naming the classes identified by classification of groups, and reusing the formed concepts to
identify the class of new observations. They combine inductive techniques and iterative neighbor search to
take into account the structure (relationships between variables) and the content (missing, deviant and
unknown values) of descriptions to improve the robustness of the classification. The resulting approach
aims to help botanists and biologists to bring better evidences from knowledge based systems for the
identification of
new specimens through their observations. The proposed approach was validated with two knowledge
bases built for coral classification and plants identification.

The problem of mountain biodiversity studies using data mining techniques is investigated in
detail in
[54] . It shows the importance of geophysical information systems for exploring and analyzing
mountain biodiversity. The problems of the availability, quality and completeness of biodiversity data, that
require consolidation before their use in analyses, are addressed thoroughly, demonstrating the importance
of high-quality metadata, such as represented in ontologies and knowledge bases, for this complex task.

123



Several case studies, covering all biodiversity levels, from genes to species and ecosystems, using data
mining techniques to analyze biodiversity patterns and processes along elevation gradients are reported.
These show the relevance of data mining approaches for biodiversity conservation and protected area
management, and the study of climate change effects on mountain biodiversity.

Biodiversity in forest ecosystems is the subject of the study in [41]. A data mining based approach
is developed to predict biodiversity in forests by reasoning about their physical structure. The authors
utilize a high-resolution scanning technology to capture different aspects of forests in three dimensional
structure. These data are then related to the diversity of plants, invertebrates and birds in a range of forest
types, to generate rich physical description datasets. These datasets are analyzed afterwards using five
regression techniques from the popular Weka [23] data mining application. Results show that this
approach can accurately predict six biodiversity measures of the species richness and the abundance of
beetles, birds and spiders. This is a step toward the automation of the creation of a world forest inventory
rich with environmental concerns.

In [26], the authors compare statistical and data mining methods for identifying relationships
between a response and a set of predictors. They show that when little or no prior knowledge about the
studied system is available, statistical models cannot accurately describe relationships between variations
of the predictors and the response variable. Experiments were conducted using different datasets, including
geographical, temporal, climate and species data, to compare results of six popular data mining tools with
results of statistical techniques. The authors conclude that more use of data mining techniques should be
made in environmental studies, whatever the degree of prior knowledge, and propose effective solutions to
integrate data mining and statistical analyses into a thorough analysis.

The integration of geographical information from Geographical Information Systems (GIS) with
species data, and its use in data mining studies is the object of the biodiversity informatics project of the
W. P. Fraser Herbarium (SASK) [45]. The participants to this project develop an integrated bio-geography
GIS model, using Google Maps API, based on data mining concepts to map and explore flora data. This
research project shows that these data can be explored on a map and analyzed in several ways to reveal
patterns showing relationships and trends that are not discernible in other representations of information.

The general problems of information integration and descriptive data quality are addressed in [43].
These problems are considered in the context of taxonomic classification of plant specimens into taxa, i.e.,
groups, according to the similarities between their observed features, or characters. This classification
process relies mainly on the identification and description of variations between comparable structures of
the different species. Since several terminologies and methodologies are in use for composing character
descriptions, most often these descriptions are inconsistently composed, difficult to interpret and re-use,
and data from diverse sources are not comparable. The authors propose a new conceptual model for
unambiguously representing quantitative and qualitative description elements. It makes use of ontology
technology to represent concepts and relationships in the descriptive terms. This model was implemented
in a Java tool to help taxonomists to classify specimens and describe characters of new specimens through
defined and controlled vocabularies.

In [49], the authors propose two approaches for representing plant classifications that are multiple
and overlapping since in taxonomic classification of plants, some groups of specimens are referred to by a
name used in different contexts over time. In both approaches, graph structures are used to represent
classifications and relationships between them, but the two corresponding data models are different due to
their constraints and aims regarding their capabilities to perform users’ tasks. In the first approach, named
Database Approach, the data model is dedicated to the storage of plant information. In the second
approach, named Visualization Approach, the data model aims at the efficient retrieval and graphical
exploration of plant information and their relationships. The results show that the two data models should
coexist in a unique system for the automatic processing capabilities of the first one and the efficient
exploration and comparison of classifications allowed by the second one.

Biodiversity applications showed that data mining can successfully discover new results and
information to help environmental scientists to explain phenomena and get new insights in particular.
However, these results can be improved by integrating data and knowledge from different related
application domains into the biodiversity data mining process. For this integration, data, such as stored in
application- level ontologies and databases, can be pre-processed using the structured representations of
the domain knowledge stored in upper-level and domain-level ontologies. This approach can consolidate
extracted information and help to solve complex problems of biodiversity and environmental studies that
require to analyze data and knowledge from different domains together (e.g., environment, biology,
geospatial topology).
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5 Conclusions

Biodiversity refers to the variety and abundance of living organisms (plants, animals and other
living beings) in a particular area or region. In an ecosystem, each species is part of the web of life and has
a fundamental role in the circle of life. Hence, all species interact and depend upon one another for what
each supplies, e.g., food, oxygen, shelter, and soil enrichment. Maintaining biodiversity of species in
ecosystems is thus a necessity to preserve the web of life, and according to the biologist Edward O.
Wilson, known as the “father of biodiversity”: “It is reckless to suppose that biodiversity can be
diminished indefinitely without threatening humanity itself” [63].

Biodiversity loss is a major issue for all living species and preserving biological diversity in
ecosystems requires to analyze and understand the parameters of this loss. This is a complex task for
scientists as information from many domains (biology, geography, environment, pollution, etc.) must be
considered and linked. This information can be categorized into two types: Knowledge, i.e., abstract
concepts and relationships between them that can be general or specific to a peculiar domain and data, i.e.,
known and inventoried facts on concrete objects, which are described using knowledge concepts
represented in ontologies. An important part of this information is available through web portals and
repositories, but this information is most cases scattered, weakly documented and in formats that hinder
their integration and analysis, and thus the discovery of new information. The definition of a methodology
to integrate and structure data and knowledge into a unified information system that can serve as an
integrated community resource is therefore a major concern for biodiversity and environment studies [42].

Data mining regroups theories, concepts and techniques for the analysis of large sets of weakly-
structured heterogeneous data. The pre-processing, modeling and post-processing approaches proposed in
this domain are thence adequate to both integrate and analyze biodiversity and environment data and
knowledge. This is the core of the integration process to construct a biodiversity information system from
which different datasets can be generated according to the specificities of the application or the analysis
domain. This process allows to integrate and link information from different domains and from different
types (e.g., text, images, spatial data) and to extract them together in data mining patterns and models
without the requirement of peculiar treatments.
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