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Abstract

Today the Internet growing exponentially and revolutionizing everything with increasing number of users everywhere in order
to meet the superfluous demand has triggered an unprecedented wave of various kinds of digital data on the Web. Among
them much of the data is relevant and can be turned into actionable insights but difficulties to face are that handling such a
hype of data on the Web and due to its unstructured format can not meet the pre-set requirements of professionals and end
users. In the context of biodiversity domain, a conceptual approach of data science has been proposed in this paper to extract
and structure data seamlessly, which makes sense of all biodiversity-rich data and multiple-record documents by saving time
and energy. The major drawback in manual extraction and storage of biodiversity data is that it gives rise to several errors
(such as spelling errors, skipping of some data fields etc.) which can be difficult to improve during the processing stage,
thereafter can not meet the research demands. However, such drawbacks can be dealt if data science approach is applied
within the system and this automated approach will be fast, flexible, reliable and accurate. Nevertheless, the only thing to be
taken care in the extraction approach is regular monitoring and analysis of Hypertext Markup Language (HTML) structure,
documents, and links of target sources. Such a huge set of data contains many error and noisy characters; to eliminate these
errors, data cleaning algorithm has been used to make data error-free and ready for further systematic research. Due to the
wide variety of data formats, achieving interoperability is a daunting task, since some of the datasets do not follow their
own schema structure. To cope with this demand, semantic interoperability has proved to be helpful by exchanging data
through web services between different independent loosely coupled systems. This paper presents an overview of semantic
interoperability and case studies on various projects that implemented it for biodiversity data sharing.
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Introduction

Each and everything which is easily available and natural
has been either destroyed or commoditized and due to this
our problems have mounted and mankind is surrounded by
the threats which they have themselves invited, such as cli-
mate change, loss of biodiversity, changes in biogeochemi-
cal cycles, etc. (Arora 2018a). As it is known that necessity

P< Priyanka Singh
pri2390@gmail.com

Geoinformatics Department, Indian Institute of Remote
Sensing, Indian Space Research Organisation, #4, Kalidas
Road, Dehradun 248001, India

Mining Engineering Department, Indian Institute
of Technology (Indian School of Mines), Dhanbad,
Jharkhand 826004, India

is the mother of inventions and humans have time and
again come up with ingenious discoveries and there have
been noteworthy findings related to environment. For this,
digital world has played a vital role in collecting accurate
data and establishing a communication with the findings or
research by saving costs and efforts associated with paper-
based data entry (Silvertown 2009). Nowadays, research
on biodiversity is highly dependent on various web-based
resources tools and approaches such as online data reposito-
ries, web-based data analytics, scientific catalogs, text min-
ing system. Another form of data source is the contribution
made by the experts on the web which includes a wide vari-
ety of biodiversity data to be managed and analysed. Some
examples of web-based tools implemented in biodiversity
domain are Integrated Taxonomic Information System (ITIS)
that handles taxonomic information on plants, animals, fungi
and microbes of North America and World (https://www.itis.
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gov); Global Biodiversity Information Facility (GBIF). A
well-known global repository of bioresources with a strong
focus on dissemination of scientific data in the form of
web services (https://www.gbif.org); BioVel, an R—based
(a programming language) virtual lab for biodiversity and
ecology analytics, and modeling through the curated web
services (Alex et al. 2016; Hardisty et al. 2016); SuperGIS
Biodiversity Analyst, an spatial analytic web tool to assess
the richness, evenness and diversities of biodiversity (https
://www.supergeotek.com/index.php/products_biodiversi
ty_analyst); Biodiversity Heritage Library, an open catalog
of biodiversity literature (Page 2011); the COPIUS project,
a knowledge repository of Philippines based biodiversity
data, built by the University of Manchester’s National Centre
for Text Mining big data analytical tools (Batista- Navarro
et al. 2017); Global Fish Watch, an online tool to analyze
the fishing patterns and safeguarding against overfishing
(http://globalfishingwatch.org/map/) and Biodiversity A-Z, a
simple tool to help in gaining knowledge about biodiversity
conservation (http://www.biodiversitya-z.org). In addition,
many mobile applications have been designed and developed
with a vision to facilitate the portable and ease contribu-
tion by experts, professional and general public members
in biodiversity sector. Few examples of biodiversity-related
mobile apps are ZSL Instant Wild, developed by Zoologi-
cal Survey of London (ZSL) (https://www.zsl.org/conse
rvation/conservation-initiatives/conservation-technology/
instant-wild) and IBIN mobile app developed for the Indian
Bioresource Information Network (IBIN) project using
crowdsourcing approach (Singh et al. 2018). In the past few
years, an increasing wealth of data in biodiversity sector over
the World Wide Web (WWW) has opened many entrants to
receive a beneficial opportunity to the end users in many
exciting ways (Brin et al. 1998). Generally, users retrieve
and access data by browsing the web pages and searching the
keyword across the web, this is an intuitive process but leads
to several limitations (Apers 1995). Furthermore, browsing
for a particular item or keyword in WWW is to find a key
in the ocean of vast information which results with a lot of
links and following them is a tedious task with the possibili-
ties to get lost in it. If web browsing is compared to keyword
search, later is little bit more efficient but often returns a
vast amount of information or data, which is difficult for the
novice as well as professional users to use efficiently. Like
traditional databases, web data can rarely be queried and
manipulated, many biodiversity-related tools rely on manag-
ing and exploiting this platform of web resources within a
stipulated timeframe.

In order to retrieve and handle data from WWW more
efficiently and effectively, some researchers have turned to
ideas of database techniques (Florescu et al. 1998). How-
ever, database techniques require a structured way of data
but most of the web data is in unstructured form and prone
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to colloquialisms, grammatical errors, accents and mispro-
nunciation, therefore, database techniques can not be directly
applied to them. To address this issue of handling large scale
of web data, a suggested strategy is to implement a data sci-
ence that includes the extraction of meaningful data from
web resources, cleaning of data to make it useful so that
it can be used for later processing, analyzing and querying
by end users. This extraction process of data from the web
sources is known as web data extraction or more, generally
known as web scraping and web harvesting.

In this paper, a novel method of data science has been
proposed to extract, clean and store data in context of bio-
diversity in a structured way and tested on few of the global
biodiversity websites. After extraction procedure, extracted
data will be integrated into the Indian Bioresource Informa-
tion Network (IBIN) database for data enrichment and will
be used as a knowledge base in semantic interoperability
model.

Indian bio-resource information network
(IBIN) project

According to Singh et al. (2018), our planet is full of unseen
species and before their identification, they are getting
extinct each year, due to such a heavy loss of bioresources,
it is difficult for professionals to plan the conservation and
modeling of the geographical distribution of species and
habitat analysis. In order to create inventory, analyze, pros-
pect and conserve the bioresources, a number of organiza-
tions are working towards generating large datasets. Unfor-
tunately, all such data are highly scattered and not easily
accessible with limited possibilities to add value to each
other. In context of creating a vast repository of species
and make it available through a single web platform, Indian
Bioresource Information Network (IBIN), a national project
for creating and maintaining a digitized collection of the
biological resources of India extracted from the specimens
and published literature through a single digital window,
was conceived by the Department of Biotechnology, Gov-
ernment of India, in 2006. The program began as a collabo-
rative effort between the Department of Space, (represented
by IIRS & NRSC) and University of Agricultural Sciences
(UASB). Its major goal was to network and promote an
open-ended, co-evolutionary growth among all the digital
databases related to biological resources of the country and
to add value to the databases by integration. IBIN functions
as a common platform where the compiled information on
various economic and medicinal plants, animals and micro-
bial resources (from across India) are served to a diverse
range of end users through the IBIN portal (www.ibin.
gov.in) in the following formats—Spatial and Non-spatial
datasets (Roy et al. 2012). Spatial datasets contain maps of
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biological richness, vegetation type, fragmentation and dis-
turbance index at 1 km X 1 km grid and non-spatial datasets
contains information on medicinally and economically valu-
able plants, animal, marine and microbial assets of the coun-
try (Saran et al. 2012). IBIN portal is designed and devel-
oped in order to serve relevant information on bioresources
of the country to the professionals involved in bioprospect-
ing, marketing, protecting bio-piracy and conservation.

Historical context

In 1989, when Tim Berners-Lee invented WWW (Bern-
ers-Lee 1999), the global content of information was not
massive and that era did not need any extraction system to
retrieve and scrape data off them. But the recent develop-
ment and expansion of internetwork of million computers,
the need for the data extraction is becoming essential. Ear-
lier, the process of extracting data from web sources was a
manual approach and time consuming, which was not suf-
ficient and could not be used on large scale business appli-
cations. There were various libraries and software such as
spreadsheet and way back machine (Murphy et al. 2007) for
simple and small-scale web data extraction tasks. In order
to make data extraction tasks viable for large-scale business
applications, web scraping services came into the picture
and recognized as a preferred route by organizations and
research groups, who are seeking for web data. For advanced
web extraction, Artificial Intelligence (AI) has been incor-
porated in web extraction to intelligently identify and extract
fields from webpages (Lage et al. 2004). This new research
is a stage towards developing an intelligent web spider that
can go through the variety of resources like humans, rather
than just being engaged in one process. In recent decades
of WWW, development was done in two particular ways:
searching for content on web pages and following the links
interlinked with those particular information (Arocena and
Mendelzon 1999). Such development in the field of WWW
resulted in an advanced and fast querying technology from
the manual libraries on the web to deal with a far digital end.

Related work

This section attempts to present a brief survey on web data
extraction tools developed by various research groups.
Laender classified the data extraction tools based on the tech-
niques used by each tool to generate wrappers and grouped
them as follows: ontology-based tools, modeling based
tools, Hypertext Markup Language (HTML) aware tools,
wrapper induction tools and Natural Language Processing
(NLP) based tools (Laender et al. 2002a, b). Ontology-based
tools were developed by Brigham Young University’s Data

Extraction Research Group, which executes extraction model
on the ontologies of specific domain including relationships,
lexical appearance and context keywords (Embley et al.
1999). Few examples of ontology-based tools are SUMO
(Niles and Pease 2001), DOLCE (Gangemi et al. 2003),
On-to-knowledge (Fensel et al. 2000) and Protégé (Gennari
et al. 2003). The modeling based tools locate the given tar-
get of interest in webpages portions of data, identifies the
objects and extract their data. Tools based on this approach
are North Western Document Structure Extractor (NoDoSE)
(Adelberg 1998) and Data Extraction By Example (DEByYE)
(Laender et al. 2002a, b; Ribiero-Neto et al. 1999). The
HTML aware tools job is to parse the structure of HTML
document before the extraction procedure begins, for e.g.,
RoadRunner (Crescenzi et al. 2001), WysiWyg Web Wrap-
per Factory (W4F) (Sahuguet and Azavant 2001) and Lixto
(Baumgartner et al. 2001). The wrapper induction tools gen-
erate extraction rules for a set of training sets or examples,
for e.g., WIEN (Kushmerick 2000), SoftMealy (Hsu 1998)
and STALKER (Muslea 2001). NLP-based tools use natural
programming language techniques such as filtering, part-
of-speech tagging, and lexical semantic analysis to build
relationships and obtain extraction rules. Some examples
of NLP-based tools are Robust Automated Production of
Information Extraction Rules (RAPIER) (Califf and Mooney
1999), SRV (Freitag 2000) and WHISK (Soderland 1999).
Another survey on web data extraction was carried out by
Chang and Lui (2001) and Kayed and Chang (2010) on the
basis of the following three dimensions—task difficulties,
techniques used and degree of automation to compare dif-
ferent data extraction systems.

The information extraction systems are classified into
four categories: supervised, semi-supervised, unsupervised
and manually constructed information extraction system
(Kadam and Pakle 2014). The supervised information
extraction system extracts data from a set of labeled web
pages and outputs a wrapper. For example—RAPIER (Cal-
iff and Mooney 1999), SRV (Freitag 2000), WIEN (Kush-
merick 2000), STALKER (Muslea 2001), SoftMealy (Hsu
1998), NoDoSE (Adelberg 1998), DEBYE (Laender et al.
2002a, b; Ribiero-Neto et al. 1999) and WHISK (Soderland
1999). The semi-supervised information extraction system
uses user’s examples to generate rules and their examples
are OLERA (Chang and Kuo 2004), Thresher (Hogue and
Karger 2005) and IEPAD (Chang and Lui 2001). The un-
supervised system does not have any user interactions and
any labeled training sets. Some of the examples of this cat-
egory are RoadRunner (Crescenzi et al. 2001), Data Extrac-
tion and Label Assignment (DELA) (Wang and Lochovsky
2003) for web databases, Data Extraction Based on Partial
Tree Alignment (DEPTA) (Zhai and Liu 2005) and EXALG
(Arasu et al. 2003). The manually constructed information
systems are developed by the general purpose programming
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languages, for e.g., TSIMMIS (Hammer et al. 1997),
WebOQL (Arocena and Mendelzon 1999), MINERVA
(Crescenzi and Mecca 1998), XWRAP (Liu et al. 2000) and
WA4F (Soderland 1999).

Proposed methodological framework

Despite the fact that web data extraction has been continu-
ing since a long while, it is rarely being used in the vast
field of biodiversity. According to the International Union
for Conservation of Nature (IUCN) report on the number of
threatened species, the estimated number of described spe-
cies from 1996 to 2018 is approximately 17 lakhs and only
93,577 species are evaluated till now. This report reveals that
only less than 80% of the known species are described due
to insufficient coverage (IUCN Red List 2018).

This paper proposes a methodology that includes various
steps such as web data extraction, data cleaning, data map-
ping, data integration, and storage of web data to create and
curate a knowledge base for data enrichment, data validation
and semantic interoperability tasks, flowchart is shown in
Fig. 1 with all the research steps in Fig. 2.

Web data extraction

In the repository of Global Biodiversity Information Facility
(GBIF) and other biodiversity databases, there are more than
435 million records of biodiversity data available through the
portals, but still, they are not enough to complete the coverage
of global biodiversity (Ballesteros et al. 2013; Yesson et al.
2007). Traditionally, data was collected from museums, scien-
tific literature, and specimens to create a knowledge base, but
new data sources such as Internet should also be explored so
that the manual task of data collection can be eliminated (Bla-
goderov et al. 2012). The process of extracting data from web
sources is known as web data extraction. Web data extrac-
tion is a type of software application or process that interacts
with and exposes the resources available on the web for the
extraction (Laender et al. 2002a, b; Baumgartner et al. 2009)
that can be processed, cleaned, mapped and stored for later

Fig. 1 Framework of proposed

approach of web data extraction Web
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usage (Irmak and Suel 2006; Chidlovskii et al. 2000). Web
data extraction software is widely used in various applica-
tions because of its efficiency to collect a large amount of data
or information with the limited manual effort. The following
techniques are studied in this paper which are used for web
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a.

Tree-based approaches;

i. Partial Tree Alignment: This algorithm relies
on the extraction of those data records collected
in contiguous regions of the webpage and can
be aligned with certainty (Zhai and Liu 2005,
2000). First of all, it splits webpages into seg-
ments based on visual information to identify the
gaps between data records on the webpage. After
this, the extraction of each data record from its
Document Object Tree (DOM) sub-tree position,
the data is aligned and stored in the database in
a structured way. However, the drawback of this
technique is that it is time-consuming in case of
complex HTML document structures.

ii. Tree edit distance matching: This algorithm com-
putes a tree edit distance between the trees and
performs insertion, deletion, and replacement of
nodes. The first web data extraction approach is
based on the tree edit distance matching algo-
rithm developed by Reis et al. (2004). This
approach relies on a different type of mapping
called Restricted Top-Down Mapping (RTDM)
in which all the three sets of operations are lim-
ited to the leaves of trees and Yang’s algorithm
is applied to find RTDM (Yang 1991).

iii. Simple tree matching: This is considered as an
effective solution to overcome the limitations
of the tree edit distance matching algorithm
(Selkow 1977) by evaluating the similarity
between two trees. The only disadvantage of
this is that the permutation of nodes cannot be
matched and no level crossing is allowed (Ferrara
2014).

Therefore, tree-based approaches are broadly used as they

are easy to implement and handle.

b.

Regular expression-based approach: This approach
uses powerful formal language to generate data extrac-
tion rules from webpages that identify the patterns in
unstructured text based on some string matching criteria.
Machine learning-based approach: This approach fits
to extract domain-specific information from manually
labeled webpages with different structures.

Following are the software used in web data extraction

system

a.

Libraries—this is one of the simplest approach which
allow developers to build the applications using those
programming languages in which they are well-

acquainted. These libraries first establish a GET request
to the Hyper Text Transfer protocol (HTTP) server to
grant an access to the server and inspects DOM structure
of webpage to identify the target data nodes. Then, the
extracted contents are interpreted and compiled using
various functions such as tokenization, matching of
regular expression and trimming, and node processors
are designed for output data in the user-defined format.
Different libraries are available in different program-
ming languages. Python is one of the most popular open
source programming languages widely used for web
mining, machine learning, natural language processing,
network analysis and geospatial analytics because of its
ease and a rich ecosystem of available libraries. One of
them is BeautifulSoup (https://www.crummy.com/softw
are/BeautifulSoup/bs4/doc/) (Smedt and Daelemans
2012), an HTML parser-based library to extract data by
applying different filters to targeted webpages. Similarly,
other python based libraries for web data extraction are
urllib2, scrapemark and mechanize. In JAVA, jsoup is
an open source library for web data extraction, writ-
ten by Jonathan Hedley in 2009, to parse HTML body
from the given Uniform Resource Locator (URL), file or
string, extract, manipulate the HTML attributes, clean
content to avoid Cross-Site Scripting (XSS) attacks
and output the normalized form of extracted web data.
Another JAVA library is Jaunt (http://jaunt-api.com/) for
extraction, automation and JSON querying. Similarly,
Goutte is also an open source scraping library to parse
websites and extract data from HTML/XML form of
responses. Moreover, there are many libraries written
in different programming languages such as rvest for R
(https://cran.r-project.org/web/packages/rvest/rvest.pdf),
WWW: Mechanize for Perl (https://metacpan.org/pod/
WWW::Mechanize) and Nokogiri in Ruby (http://nokog
iri.org/). Thus, the libraries provide a flexibility to the
developers of using the programming languages as per
their own expertise so that they can be aware of the syn-
tax, functions, exceptions and errors.

Framework—Libraries have their own limitations,
often, several libraries need to be integrated into a sin-
gle library for the access of webpages and some librar-
ies to parse and extract the contents from web docu-
ments. If some changes are done in HTML resources,
these libraries get affected as they are modified as per
the analyzed view of webpage, and needs recompilation
and redeployment of the entire application. Web extrac-
tion frameworks provide a solution for the aforemen-
tioned drawback of libraries. For instance, scrapy (https
:/[scrapy.org/) is an easy, fast and powerful framework,
build in Python, for automated navigation through the
websites. The main advantage of using scrapy is that it
is built on the asynchronous networking framework, in
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other words, users will not have to wait for a finish mes-
sage or alert before making another request. Similarly,
MechanicalSoup (https://mechanicalsoup.readthedoc
s.io/), PySpider (http://docs.pyspider.org/en/latest/Quick
start/) and Portia (https://portia.readthedocs.io/en/lates
t/getting-started.html) are other python-based scraping
frameworks.

Various web scraping frameworks have been designed
and developed in domain-specific programming languages
for a particular context of research and therefore, treated as
an independent and external artefact. An example of this
is WebHarvest (http://web-harvest.sourceforge.net/), a Java
based web scraping framework that can be easily imple-
mented and linked to the existing methods. It provides a set
of processors as a function and could be combined with a
pipeline for data handling and control flow.

Data cleaning

Data cleaning is a method that removes unwanted texts or
attributes from the data or information to make them avail-
able for analysis and business applications. Data cleaning
approach include basic operations such as removing noise
and errors, collect necessary information, strategies to han-
dle missing data fields and make a log of known changes
(Fayyad et al. 1996). Since it is known that a bunch of data
are available on websites but only some of them are use-
ful by using the web extraction approach it is not easy to
extract only the useful data because if the extraction model
runs on any website, all the data, regardless of whether it
meets user’s requirements or not, will be extracted. For
example—column names and a lot of noisy characters such
as new lines, spaces or tabs do not make any sense in the
extracted data. Therefore, the data cleaning algorithm has to
be executed on the extracted data before making it available
for further applications or research purposes.

In this methodology, after the data extraction step, a data
cleaning algorithm is applied to clean the extracted data and
make it in a valid structured format. This data extraction
algorithm has been tested on the extracted data stored in
the table format on a webpage, as well as on many data
attributes such as table headers, column names, spaces, and
line breaks. Therefore, to remove those noisy attributes, data
cleaning algorithm has been developed so that the data can
be used for further processing tasks.

Data mapping
Data extracted from varieties of web pages is required to
be harmonized because websites may follow different and

unique naming conventions. Data mapping is a type of
cross-referencing approach across different terminologies
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or naming systems, vocabularies, databases and classifica-
tion system (Wilson 2007). Mathematically, data mapping
is defined in Zhao et al. (2007) as “for any attr€ ATTR (attr
is an attribute and ATTR is a set of all relevant attributes),
through mapping rule f, get o=f (attr), we call this a data
mapping relation from attr to o where o is a mapping rela-
tion entity.”

Before beginning of the data mapping process, there are
few points to take care of. First of all, different data pro-
viders store their data in different types of databases (for
e.g. MySQL, PostgreSQL, Oracle, NoSQL, MS Access,
MongoDB), and the number and datatype of attributes may
vary. Second, source terminology and target terminology
can vary, for example, at the source site the name of data is
represented as “Name” or “Given Name” and at the target
site that particular data is named as “Full Name”. There-
fore, for the accurate and proper mapping of discrete ele-
ments, understanding of how data is represented and how
much both the target and source terminologies are similar
is required because the mapping process will improve the
quality of aggregated data.

For this methodology, data mapping has been done manu-
ally by visually analyzing each and every attribute of species
web page and mapped with the IBIN database field for suc-
cessful data integration.

Data integration

Data Integration has been a trendy topic during the past few
years with a strong focus on schema mapping (Raghavan and
Garcia-Molina 2001). Data Integration is a process of com-
bining different datasets extracted from myriad sources and
represents them in a uniform and simplified view to the end
users (Halvey 2001; Hull 1997; Ullman 2000). The purpose
behind implementing data integration approach is to provide
a common format for access within or across the organi-
zations in the realm of information system (Huber 1990;
Malone et al. 1987). The key advantage of implementing
data integration is that it liberates user from searching rele-
vant sources based on their query, interaction with each data
sources autonomously and manually store the raw data from
heterogeneous sources. The issues of data integration have
received a noteworthy research in various research commu-
nities of Artificial Intelligence (AI) and several commercial
applications (Chawathe et al. 1994; Stonebraker et al. 1996;
Levy et al. 1996; Friedman and Weld 1997; Arens et al.
1996; Cohen 1998; Adali et al. 1996; Woelk et al. 1995;
Tomasic et al. 1998; Blakeley 1997; Haas et al. 1997). The
changing needs of diverse users have been incorporated
into a single integrated data structure through the various
means of networking (Bonczek et al. 1978; Date 1995). An
instance of such integration is an entity-relationship (ER)
model. An ER model is proposed to work the interrelated
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data in a conceptual way and provide the basis for integrated
information systems (Chen 1976; McCarthy 1982). How-
ever, other research groups may perceive that the concerned
organizations do not begin from a fresh start and the existing
systems are not integrated. In lieu of this, various hypotheti-
cal approaches have been developed for the integration of
existing data schemas (Batini et al. 1986). Still, others have
been focused on the development of practical techniques
through which the organizations or research groups could
convert their non-integrated systems into the integrated one
(Finkelstein 1989; International Business Machines Corpo-
ration 1978; Martin and Finkelstein 1989).

An exemplary issue in data integration is that different
data providers develop their own integration system to sat-
isfy their own requirements which differ from place to place
and resulted in a heterogeneous system with a dependency
on software, applications, and databases (Sheth and Lar-
son 1990; Kossmann 2000; Halevy and Ordille 2006). Due
to the technological differences in hardware, software and
communication system, the different type of heterogeneity
occurs (Sheth 1999). This heterogeneity issue leads to the
investigation of interoperability in two ways: interoperability
of data exchanged and interoperability between heterogene-
ous systems (Sonsilphong et al. 2012).

Semantic interoperability

For over two decades, interoperability for data and infor-
mation has been a basic requirement due to the creation,
maintenance, utilization and accessibility of heterogeneous
sources from the Internet, web and distributed computing
infrastructures. Ceccarelli (1997) provided the following
definition of interoperability:

“Interoperability is the ability of two or more software
artefacts (e.g. services) to interact effectively at runt-
ime to achieve shared goals, for e.g., a joint activity.
The interoperation of two software artefacts A and B

%: Protocol
E Standards

Application '

Fig. 3 Interoperability between
two systems

Software

Database I

Data

Metadata

requires that A can send requests, R to B based on the
mutual agreement and understanding of R by A and
B, and B can return responses, S to A based on R by
Aand B.”

After successful data mapping and integration, interop-
erability is important. Based on the different forms of het-
erogeneity, interoperability is classified as system, syntax,
structure and semantic (Ouksel and Sheth 1999). This sec-
tion attempts to present a broad survey on semantic inter-
operability, as shown in Fig. 3, which is being difficult and
complex because of its variety of approaches, different
requirement levels, number of technical specifications, huge
literature and much more examples. The research on inter-
operability has divided it into three generations:

a. First generation—this generation covers a period of
roughly 1980 and their emphasis was to achieve sys-
tem interoperability for addressing the needs of data
exchange within enterprises and departments with dif-
ferent hardware and software, including multi-data-
bases (Liwin et al. 1990) and federated database sys-
tems (Heimbigner and McLeod 1985). The believable
research in this generation was:

i. Analysis of structured database schema and
innovative approaches to tackle the translation
issue with different schema;

ii. Understanding the schema integration methods
(Batini et al. 1986) and level of complexity to
perform integration on the real-world schema
(Sheth 1995);

iii. Found ways for schema-based heterogeneity and
integration of different heterogonous sources
(Drew et al. 1993; Meersman 2005);

iv. Handling consistencies between different
database management systems and advanced

i

Protocol

...exchange of standardization » Standards

Application

... access functions
seamlessly Software
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... transfer data
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research in transaction models (Elmagarmid
1992) and multi-database transaction execution
(Georgakopoulos et al. 1994);

The federated database system, first coined by Hammer
and McLeod (1979) and later modified by Heimbigner and
McLeod (1985), consists of a schema, processors to handle
heterogeneity and integration of distributed databases (Sheth
and Larson 1990). Based on the management of federation
and integration, federated databases are categorized into two
broad sub-categories:

i. Loosely coupled system—this is also known as inter-
operable database system (Litwin and Abdellatif 1986).
Such a database system is said to be loosely coupled if
the user is having full privileges to create and maintain
the federations, and the system administrators have no
charge of it. This requires more user engagement and
supports dynamic and flexible federated schemas but
with less transparency and no updates.

ii. Tightly coupled system—this type of federated database
system is said to be tightly coupled if administrators
have the full control to create and maintain the federa-
tions. This may have one or more stable federated sche-
mas and requires administrator engagement.

b. Second generation—this generation focuses on adopting
standardization to achieve system, syntactic and struc-
tural interoperability. System interoperability relies on
the standardization of Internet communication protocols
for the interconnection of two different systems. Sup-
pose there are two systems, S1 and S2, and a vendor
V1 implements S1 and vendor V2 implements S2. The
model which performs interoperability operation on
both, S1 and S2, has complete information of both the
systems, mutually shared by the system vendors. Syn-
tactic interoperability deals with the exchange of infor-
mation based on predefined standards such as HTML
and Z39.50. Veltman (2001) described the challenges
involved in the syntactic interoperability:

i. Identification of each and every element in dif-
ferent systems,
ii. Generating rules to arrange elements in a uni-
form manner,
iii. Schema mapping of elements, and
iv. Mutual agreement and acceptance on rules to
bridge different repositories and catalogues.

Structural interoperability refers to the interoperability of
data between different information systems having different
structures (Wache et al. 2001). This is achieved by the adop-
tion of metadata standards in various domains. Metadata
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standards are derived from the other global standards of
specific domains as per the system needs.

c. Third generation—the rapid development of web and
internetworking of global information systems raises
an issue on how to cope with the heterogeneous sets
of information that consists not only the digital data,
but operations and computation to form a new type of
data and information. Various approaches or strategies
have been implemented that lead to the poor quality of
data and information overload. This issue of information
overload leads to challenging of “So far (schematically)
yet so near (semantically)” (Sheth and Kashyap 1993)
turned into “So near (syntactically and structurally) yet
so far (semantically).”

Based on the second generation’s research, the third-gen-
eration results in the formulation of semantic interoperabil-
ity. Semantic Interoperability implies the semantic mapping
or matching of data shared by different data providers, i.e.,
it does mapping of the same real-world entities representing
different meanings in different systems (Nowak et al. 2005).

Shekhar (2004) discussed all the levels of interoperability
as follows:

“The syntactic interoperability specifies common mes-
sage formats (e.g. tags and marking) to interchange
spatial data, patterns and relationships; and the struc-
tural interoperability provides means for specifying
semantic schemas for sharing; while semantic interop-
erability involves an agreement about content descrip-
tions of spatial data, patterns, and relationships.”

Since the Tim Berners-Lee introduced semantic web
in 1999 (Berners-Lee 1999), there has been an increasing
demand and interest in W3C standards to provide well-
defined semantic exchange and integration of documents
and services. It is not concerned with the syntax of data,
but a strong focus on the semantics (meaning) of data by
adding its metadata and each element of data is linked with
the controlled vocabularies. These vocabularies can be the
foundation for machine interpretation, knowledge discovery,
inferencing and data federation between different informa-
tion systems. Berners-Lee (1998) said the following on the
limitations of the semantic web:

“A Semantic Web is not Artificial Intelligence. The
concept of machine-understandable documents does
not imply some magical artificial intelligence which
allows machines to comprehend human mumblings.
It only indicates a machine’s ability to solve a well-
defined problem by performing well-defined opera-
tions on existing well-defined data. Instead of asking
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machines to understand people’s language, it involves
asking people to make the extra effort.”

Though the data are available from different data pro-
viders where data provider uses their own standards for
data dissemination, integration, and storage, for such cases,
ontologies and web services are used for dissemination of
platform independent data and also by providing a common
shared data encoding schema across disparate parties and as
well as establishing mapping rules between local ontology
and global ontology. In the context of interoperability, data
mapping process can be distinguished into three types, as
mentioned by Ghawi and Cullot (2007):

a. Schema Mapping—this type of mapping process proved
as fundamental in resolving the number of interoper-
ability issues (Burnstein and Haas 2008) such as schema
integration, schema evolution, data exchange, and shar-
ing. For such mapping, two schemas are taken as an
input and after applying the schema mapping rules, out-
puts a mapped schema between the elements of input
schema. Examples of schema mapping can be seen in
Fuxman et al. (2006) and Miller et al. (2000).

b. Ontology Mapping—this mapping process relates to
the vocabulary of two ontologies that share the specific
domain. Kalfoglou and Schorlemmer (2003) shows the
detailed survey on ontology mapping. The ontology
mapping is carried out at between the integrated global
ontology and local ontology (Beneventano et al. 2003;
Doan et al. 2003; Calvanese et al. 2001), local ontologies
(Silva and Rocha 2003) and ontology merge and align-
ment (Fridman and Musen 2000). Each ontology differs
according to their strengths and drawbacks (Choi et al.
2006).

c. Database-to-Ontology Mapping—this mapping process
is achieved between databases and ontology by estab-
lishing a semantic relation between discrete database
elements and ontology components (Ghaw and Cullout
2007).

The term “biodiversity” fathomed the biological diver-
sity at three levels—genetic, species and ecological diver-
sity (Shanmughavel 2007). Genetic diversity alludes to the
variation of genes within species. Species diversity refers
to the varieties of species. Ecological diversity deals with
the ecological processes, biotic communities, and habitats
within the ecosystem. Many research groups and organiza-
tions attempt to interoperate their biodiversity data by adopt-
ing and implementing the globally recognized data standards
and interoperability supported framework or architecture.
Following are the few examples of semantic interoperability
in biodiversity domain:

a. Biological Collection Access Service for Europe (Bio-
CASE)—BioCASE project aims to establish a platform
to make specimens and biological data freely accessible
by the potential end users through data portals and web
services. BioCASE adopted a widely accepted Access
to Biological Collection Data (ABCD) standard and
eXtensible Markup Language (XML) schema, for the
integration and communication purposes. The seman-
tic interoperability approach of BioCASE translates the
queries output in ABCD dataset and requests are made
in form of XML using HTTP protocol.

b. Species 2000 Interoperability Co-ordination Environ-
ment (SPICE 2000)—the goal of this project is to cre-
ate a complete catalog of all known species data with
an assurance of high quality and full coverage (Jones
et al. 2000). Such catalogs are coordinated by the tax-
onomists, researchers, and ecologists of different insti-
tutions or research groups (Jones 2006). SPICE 2000 is
used by the Global Species Datasets (GSDs) which takes
care of data dissemination in the form of responses to
the requests made by the users. SPICE 2000 provides
searching facility to find synonyms for species name
through the joint web services of two Catalogues of
Life—Annual Checklist and Dynamic Checklist (Spe-
cies 2000 Secretariat 2009).

Experimental results

The proposed model is not yet implemented but tested to
illustrate the performance, strength, and weakness and this
returned a positive output. For the testing purpose, the vari-
ous species portal has been chosen as a case study for the
proposed approach. The first step of the proposed methodol-
ogy is a web data extraction that returns the scientific names
with their associated webpage links of all the species avail-
able on the IUCN portal, as shown in Fig. 4. Later, by navi-
gating through the links of species, all the available data of
each species are extracted and saved locally in the form of a
text file on the local server, as shown in Fig. 5. All the origi-
nal data are extracted with the column names and a lot of
noisy characters, due to this all the extracted data have been
passed into the data cleaning method, where they are cleaned
and left with the reliable data, as shown in Fig. 6. After this,
the mapping process begins on cleaned and formatted data
for the attributes such as scientific name, taxonomy, habitat,
uses, etc., and all the species records are indexed into the
IBIN database. The total execution time taken to extract the
complete account of each species is 1 s only, therefore, it can
be seen that how the web data extraction changes the manual
approach of extraction into the fully automated one.

This model will facilitate to enrich the existing database
and make it available as a knowledge base for data quality
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title: Search Results

URL: /details/3/0
Scientific Name: Aaadonta angaurana

URL: /details/4/0
Scientific Name: Aaadonta constricta

URL: /details/5/0
Scientific Name: Aaadonta fuscozonata

URL: /details/€/0
Scientific Name: Aaadonta irregularis

URL: /details/7/0
Scientific Name: Aaadonta kinlochi

URL: /details/8/0
Scientific Name: Aaadonta pelewana

URL: /details/9/0
Scientific Name: Aaptosyax grypus

URL: /details/€1120/0
Scientific Name: Abactochromis labrosus

URL: /details/3€5€3/0
Scientific Name: Abarema abbottii

URL: /details/30843/0
Scientific Name: Abarema bigemina

URL: /details/3€553/0
Scientific Name: Abarema callejasii

URL: /details/3€5€8/0
Scientific Name: Abarema centiflora

URL: /details/3€5€0/0
Scientific Name: Abarema cochliocarpos

URL: /details/3€549/0
Scientific Name: Abarema commutata

URL: /details/€24€€/0
Scientific Name: Abarema curvicarpa

Fig.4 Output of data extraction model

check and semantic interoperability with a provision to pro-
vide feedback or suggestions on the quality of data. This is
an attempt to make a complete information available with
full coverage of all the species on a single platform for the
end users or professionals involved in biodiversity monitor-
ing, analysis, and conservation tasks.

@ Springer

Discussions

The methodology proposed in this paper is to implement a
novel algorithm developed using data science approach in
order to extract valuable data and information from varie-
ties of web sources, which are globally recognized in biodi-
versity domain, cleaning of extracted data to remove noisy
characters like whitespaces, tag names, blankspaces, etc.,
designing schema for mapping and storage of extracted data
to the local schema. The major aim behind this research is
that no platform ever delivers complete data and information
about bioresources, for instance, the [IUCN Red List portal
(https://www.iucnredlist.org/) delivers comprehensive infor-
mation on global conservation status of more than 93,500
species along with their geographical distribution; Global
Biodiversity Information (GBIF) (https://www.gbif.org/)
is an open access portal that provides species occurrences
data holding from various institutions around the world in
the Darwin Core Archive format and an open source tools
to share the occurrences data; and the Indian Medicinal
Plants Database (http://www.medicinalplants.in/) docu-
ments unique and well-researched information on medicinal
uses of plants in Indian systems of medicine. For example,
Taverna-based Data Refinement Workflow is designed to
integrate the taxonomic data retrieval, data cleaning and
geo-temporal data selection to make data fit-for-purpose for
aneeded research (Mathew et al. 2014). Another work likely
similar to this methodology can be seen in O’Sullivan et al.
(2010), in which authors capture data related to the plants,
invertebrates and birds of forest data in three-dimensional
structure to generate the physical structure of forests and can
predict six biodiversity measures of the species richness and
the abundance of beetles, birds and spiders. Henceforth, a
unique, complete and well referenced dynamic repository
of biodiversity, linked with all the entities that are distrib-
uted on different websites, will be constructed using the
algorithm discussed in this paper and will be available for
researchers, conservationists, academicians, resource man-
agers, school students, ethnobotanists, and nature enthu-
siasts. Tragically, biodiversity is the basic requirement of
invaluable ecosystem services which is disappearing at the
unprecedented rate due to the human civilization because we
are lacking in knowledge on biodiversity and its economic
and medicinal importance. This loss of knowledge can be
prevented by developing an indigenous knowledge base
that incorporates various dimensions of biodiversity (Arora
2018b). The knowledge base system will provide a glimpse
of what we are having, what is most vulnerable, which area
would be fully protected for sustainable use and enrichment
of biodiversity, and how to reconcile the increasing demand
of society with a link to sustain for biodiversity.


https://www.iucnredlist.org/
https://www.gbif.org/
http://www.medicinalplants.in/
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Fig.5 Unstructured data output

Fig.6 Cleaned data output

Conclusions

Animalia

Mollusca

Gastropoda

Stylommatophora

Endodontidae

Scientific Name:

Raadonta angaurana Solem, 1976

Red List Category & Criteria:

Critically Endangered (Possibly Extinct) Blab(iii)+2ab(iii) ver 3.1

Year Published:

2012

Date Assessed:

2011-08-22

Assessor(s)ﬂ

Rundell, R.J.

Reviewer (s):

Barker, G., Cowie, R., Triantis, K., Garcia, N. & Seddon, M.
Facilitator/Compiler (s):

Pippard, H.

Justification: This is a minute ground-dwelling snail for which no shells
Date last seen:

1936

Previously published Red List assessments:

1996 — Data Deficient (DD) Download assessment 1994 — Vulnerable (V) Downl
Range Description:

The historical geographic range of this species was less than 8 km2 of the
Countries occurrence:

Possibly extinct: Palau

4 Estimated area of occupancy (R00) - km2: 0-8 4 Number of Locations: 1 ¢
4 Estimated area of occupancy (A00) - km2:

0-8

4 Number of Locations:

“

Animalia Mollusca Gastropoda Stylommatophora Endodontidae

Raadonta angaurana Solem, 1976

Critically Endangered (Possibly Extinct) Blab(iii)+2ab(iii) ver 3.1

2012

2011-08-22

Rundell, R.J.

Barker, G., Cowie, R., Triantis, K., Garcia, N. & Seddon, M.

Pippard, H.

This is a minute ground-dwelling snail for which no shells (live or dead) have been found in recent years
1936

1996 - Data Deficient (DD) Download assessment 1994 - Vulnerable (V) Download assessment

The historical geographic range of this species was less than 8 km2 of the heavily modified island of Ang:
Possibly extinct: Palau

Estimated area of occupancy (A00) - km2: 0-8, Number of Locations: 1, Lower elevation limit (metres): 1,
1

1

and professional groups can conduct their own research stud-
ies without wasting their concern on data collection and its

In such cases when a large amount of data is available but
still the fields are missing, instead of reorganizing the overall
data or declaring it invalid, web data extraction algorithms
can help to enrich the databank from authorized and glob-
ally recognized web sources which can be seen as a huge
change and an exciting way of research. Moreover, the big-
gest advantage of web data extraction is that the researchers

quality, searching for the particular keywords and saving
the results manually. Particularly, the main motive of this
paper is to extract reliable data and store them in a structured
format.

For the extraction of data, some steps have been per-
formed manually like preparing the specifications for the
extraction process and this can be reused for applications of
the same domain. This extraction process requires regular

@ Springer
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monitoring of its validity because if the information website
will be restructured it will no longer valid. This paper proved
that data extraction and mapping are viable and the next job
of this approach is to improve search and extraction capabil-
ity. Data cleaning approach is essential for the practical uses
and analytics of extracted data.

The data integration is based on the database schema
mapping, for which the schema of web data is carefully
analyzed and provides a common format for integration of
extracted data. This makes the data integration easier.

Thus, it is possible to exploit and use the data automati-
cally available on some web pages. However, some manual
steps are necessary if one’s intention is to extract reliable
data to be exploited by other programs or software agents.
The proposed method can also be very useful and helpful in
conservation of biodiversity of our planet.
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