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Abstract
Data Quality Concepts and Techniques Applied to Teonomic Databases
by

Eduardo Couto Dalcin

The thesis investigates the application of concaptstechniques of data quality in
taxonomic databases to enhance the quality ofnmdition services and systems in
taxonomy. Taxonomic data are arranged and intratlic@axonomic Data Domains in
order to establish a standard and a working framleteosupport the proposed
Taxonomic Data Quality Dimensions, as a specialagggalication of conventional Data

Quality Dimensions in the Taxonomic Data Qualitynixons.

The thesis presents a discussion about improvitegglality in taxonomic databases,
considering conventional Data Cleansing technigmesapplying generic data content
error patterns to taxonomic data. Techniques adriaric error detection are explored,

with special attention to scientific name spellargors.

The spelling error problem is scrutinized througklbng error detecting techniques and
algorithms. Spelling error detection algorithms @escribed and analysed. In order to

evaluate the applicability and efficiency of di#@t spelling error detection algorithms,



a suite of experimental spelling error detectiarigavas developed and a set of
experiments was performed, using a sample of fiferdnt taxonomic databases. The
results of the experiments are analysed from therdhm and from the database point

of view.

Database quality assessment procedures and nagidsscussed in the context of
taxonomic databases and the previously introduoedepts of Taxonomic Data

Domains and Taxonomic Data Quality Dimensions.

Four questions related to Taxonomic Database Quakt discussed, followed by
conclusions and recommendations involving infororagystem design and
implementation and the processes involved in tarooaata management and

information flow.
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1. General introduction

Taxonomic databases — databases that store infomadiout biological entities:
species and other taxa - have been developed tessicuratorial management
processes, taxonomic and scientific needs and, reoeatly, in response to the

growing demand for a global plant information syste

In the last three decades considerable progredsdeasachieved, following advances in
information technology, in modelling the complexdfytaxonomic information and
defining data standards and protocols which magessible to interchange data and
connect different databases. In some respectadisté and taxonomists themselves

have become more aware of the benefits of bettarrdanagement.

In contrast, relatively little attention has beéveg to the data quality aspects of these
databases. Without data quality policies, standandisstrategies, taxonomic databases

cannot fulfil their objectives.

1.1. Problem elucidation and delimitation

Since data became an important resource in thedssivorld, data quality issues have
become the object of studies and discussion. Sdithe @onsensus about poor quality
of data involves its impact on decision makingddvéity of data, satisfaction of users,
high costs of database management and the effetevand value of data (Redman,

1996).

13



There is a consensus as well that data qualitynsilidimensional concept which
involves, even at a simplified level, data modejjidata management, data presentation
and the data values themselves (Redman, 1996 héuother hand, there is no

agreement about the dimensions of data quality (Eyi2001).

Regardless of the multidimensional aspect of datdity, this thesis will emphasize the

data quality dimensions that are most pertineiata values.

The literature on data quality shows that, unlessaerdinary efforts have been made,
we should expect data (field) error rdtesapproximately 1-5% (Redman, 1998). A
data field is in error if, for a variety of posshileasons, it does not correctly describe a
property of the real world, resulting in a reduntia data quality. This poor data quality

can lead to a number of potential impacts.

There is no reason to imagine that taxonomic datgare immune to this “poor data
quality phenomenon”. The impact of poor qualityadiast taxonomic databases may be

seen in different ways, including:

* Pervasiveness of poor data

Taxonomic information is the core of many othelaaref related biological

studies. Agriculture, plant breeding, genetic reses, biotechnology,

pharmacognosy, forestry and ecology are some exanaplsciences that rely on

! Error rate = number of incorrect fields/total number of fields
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taxonomic data. Poor taxonomic data can “contarainalated study areas.

Some examples of the impact of contamination by pata:

o Poor biodiversity knowledge and assessment

o Erroneous decision-making and conservation strasegi

Troublesome data and collection management

Taxonomic databases that support curatorial aetsvtan be affected by poor
data quality in several ways. As data quality disiens encompass more than
just the aspect of the accuracy of the data fwhich itself is a source of
enough trouble in any database), dimensions sutimabness, the concise and
consistent representation of the biological faateessibility and completeness
have a significant impact on curatorial databaseiscallection management.
For example, incorrect information about loans camse loss of material;
incorrect record classification for a specimen roaypromise the organization

of the collection for future taxonomical updates, e

Difficult data integration and database merging

Merging taxonomic databases from different souh@ssbecome increasingly
important in the last decade, in order to creageoreal, national or global
species checklists. Data integration has become arut more important to
achieve institutional goals, involving databasegimey from different scientists,

projects and institutions.
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In addition to the complexity of interpreting nonetatural data, poor data
quality affects both the data merging process atd oherging results. For
example, a misspelled scientific name may preveatécognition and merging
of data from two sources about the same specigbastwo apparently different

species appear in the merged result.

« Scientific and institutional reputation

In fulfilment of their mission to understand, explaguantify and evaluate world
biodiversity, scientists and scientific institutoare recognized as scientific
information providers. This recognition is basedtlogir ability to provide
reliable information to the general public, deasimakers and colleagues.
Ambiguous, confused, incomplete, contradictory arrdneous information,
published in reports obtained as a result of s@agdheir databases, can affect

their reputation as information providers and sifierauthorities.

At this point, some questions arise: How “goodthis information provided by a
database? How can the “bad data” be detected? Howhe data quality of a taxonomic

database be improved? These are the issues wisdhelsis will address.

To understand the data quality aspects and th@aabhon taxonomic databases, it is
essential to establish a precise delimitation afthiion of taxonomic datagxonomic
data domaingin the context of data quality and data qualitpehsions. After the

definition of “Taxonomic Data Quality Dimensionsls a product of the interaction of
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taxonomic data domains and the data quality dinoeissiaxonomic database quality

metricscan be proposed.

The improvement of data quality has two basic apgnes: error detection (and
correction) and error prevention (Embury, 2001)yoEprevention is closely related to
the processes of data acquisition and data erdtyrally prone to errors. Much effort
can be given to improving these processes, witheego reduction in entry error, but
the fact often remains that errors in large datsa@e common (Maletic and Marcus,

2000).

For existing data sets, the logical solution ts firioblem is to attempt to cleanse the
data in some way. In most cases, to explore tree skdtfor possible problems and
endeavour to correct the errors “by hand” is conabyeout of the question given the

amount of person hours involved (Maletic and May@@90).

In a taxonomic database, a regional checklist fangle, this kind of task is too
complex because it would involve, in most casdarge number of specialists, each

one responsible for scrutinizing their own are&rmmwledge.

A manual process of data cleansing is also labsyitine consuming, and itself prone
to errors (Maletic and Marcus, 2000). Useful andi@dul tools that automate or
greatly assist in the data cleansing process assary. Because of the specialized
nature and complexity of the representation andetliaod of taxonomic knowledge,
dealing with subjective biological concepts, suslsgnonymy, a combination of data

cleansing concepts and taxonomic data quality denes is a requisite to achieve
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efficient error detection algorithms and tools @&nebr prevention techniques and

procedures.

1.2. Aims

The general aims for this thesis are:

A. To propose a set of Taxonomic Database Qualityibetr
B. To investigate and extend error detection algor#tlamd tools to a taxonomic
context;
C. To propose error prevention and correction techesdo be applied in
taxonomic databases.
These aims correspond with the products shownaargcircles, and lettered A-C, in

Figure 1.

1.3. Thesis plan

An introduction to Taxonomic Databases and Dataliua given in chapters 1, 2 and

4. The general aims will be achieved by:

1. The definition ofTaxonomic Data Domainsased on the available taxonomic
databases and literature (chapter 3);

2. The proposition of a set @flaxonomic Data Quality Dimensigrnsased on
adaptation of data quality dimensions to a taxorarontext (chapter 5);

3. The definition ofTaxonomic Error Patterndased on existing general error
pattern definitions, adapted to the context offtagonomic Data Quality

Dimensiongchapter 6);
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4. Testing and adapting existing data cleansing tegtas in the taxonomic
database context (chapter 7).

5. Taxonomic data quality metrics are discussed ipire8 and the use of these
and other techniques for error prevention and ctime are discussed in chapter

9 and used to formulate a series of recommendaitiocisapter 10.

- = - Definitions
Products
Data Quality Error Patterns s~ - N
/ \
Data Quality I' Taxonomic
Dimensions R T\ \Error Patterns/
, Taxonomic \‘ S ’
. P d
Data Quality ==
~ » \ Dimensions I'
4 i\
/ Taxonomic \ \\ 7
\  Domains 7
\ ’
. i
Taxonomic -
Databases
Taxonomic Error Error
Database Detection Prevention
Quality Algorithms & & Correction
Metrics B Tools c Techniques

Figure 1- Graphical representation of the Thesis pl  an

The graphical representation of the thesis plawvalentifies the new concepts and
definitions 1-3 proposed in this thesis, in redles, and the resulting practical

products, in green circles, as result of the pcattapplication of these concepts.

Summarizing Figure 1, this thesis will define tlomcept ofTaxonomic Data Domains

(1). The overlap of this concept wilata Quality Dimensionwill give a new
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definition —Taxonomic Data Quality Dimensio(®), which can be applied with the
concept ofError Patterns to define the concept dlaxonomic Error Patternés).
Based on the new conceptTdxonomic Data Quality Dimensigngroducts and
recommendations will be presented in order to prtertteeTaxonomic Database
Quality Metrics(A). From the new concept dtaxonomic Error PatterngothError
Detection Algorithms and Too{B) andError Prevention and Correction Techniques
(C) can be defined and, in the last instance, agiln the red arrow) to impro\@ata

Quality in Taxonomic Databases
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2. Taxonomic databases

2.1. Overview

Taxonomic databases have become, in recent yefansdamental tool to support the
science of giving names to living organisms. A moudre significant role has been to
provide a framework for organizing biological datad as a tool for the storage,
retrieval and, more recently, publishing of biolmajiinformation. The literature shows
that the utilization of “electronic data procesSitgchniques to organize, analyze and
manage taxonomic data began around the ninetegassixhen numerical taxonomy
(Sokal, 1963; Sokal and Sneath, 1966), the orgaaizaf national floras (Perring,
1963), institutional scientific collections (Crolel1967; MacDonald, 1966; Soper and
Perring, 1967; Squires, 1966) and scientific norfegnce (Silva, 1966; Stafleu, 1966;
Wood Jret al, 1963) were examples of the first efforts to tsitructured tables and

matrices of taxonomic data.

The necessity to achieve a better management lectohs in museums and
herbariums motivated the first efforts in the diif@c of developing tools based on
databases. Despite the difficulties, the advantafjapplying automated systems to
carry out repetitive curatorial procedures, asefcaample, label printing, were attractive
enough to start the process of computerizatiohede collections. At this time
taxonomic databases were basically institutionébiives or based on floristic survey
projects. Most of these initiatives were based amgomputers or mainframes, using
“time-sharing” operating systems. These databases llnown as “curatorial

databases” since their main function was to fat#éithe handling and management of
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scientific collections (Crovello, 1967; MacDonal®66; Soper and Perring, 1967,

Squires, 1966).

In the seventies, the evolution of database systentgndling collections in museums
and herbariums continued (Argus and Sheard, 19€&¢iBel and Soper, 1970; Brenan
and Williams, 1975; Hall, 1972; 1974; \&t al, 1977; Wetmore, 1979) and was
followed by new and important techniques for thealiepment of taxonomy. Numerical
taxonomy, the elaboration of algorithms for genagatiagnostic keys, and demand for
the automated identification of specimens led odteation of new applications for
more modern, powerful and accessible computersafSraand Sokal, 1973). At this
time we notice, by literature review, the creatidratabases to handle specimen

descriptive characteristics (Morseal., 1971).

Data on morphology was, at this time, a targesfmcies descriptive databases in
which the objective was to supply data to the défifeé applications able to analyze these
data, to produce, in an automated form, descriptéord diagnostic keys, and to classify
species automatically (Dallwitz, 1980; Jardine &iason, 1977; Johnston, 1980;
Pankhurst, 1974; 1975; Sneath and Sokal, 1973)oa8h some of these applications
used data organized in simple structured text Gkeslectronic spreadsheets, instead of
the use of a database, we can consider thesa$ildse embryo of present day
descriptive species databases. Later on, thessigted text files were generated by
exports from descriptive monographic databasesy&tial, 1984; Allkin and Bisby,

1988; Pankhurst, 1988).
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We can say that descriptive databases of specimaghsy than species, were a natural
evolution of the curatorial databases. Herbariupelsrepresent the basic certification
of the biological fact: the existence of a detemxispecimen. However, in the great

majority of cases, the data contained in thesddadre insufficient to characterize, and

consequently to identify and to classify, the spexi.

Curatorial databases, responsible for storage arhgement information about
specimens, are “factual” databases. The collectfahe specimen, represented by the
label annotations, is a fact without any dependemceonsiderations or opinions. In the
same way, descriptive databases of specimens, whitiain morphometric
information, for example, are “factual” as well. Wever, lost label data cannot be

replaced by examination of the specimen.

In the seventies, the organization of data aboetisgens, especially their geographical
occurrence, frequently the consequence and praduice curatorial databases, led to
the development of the first spatial or geo-codifiatabases. These databases have the
capacity to represent, associated with graphicalnaapping applications, through the
creation of maps and graphs, the spatial distobutif the taxa, either for political
divisions, as countries or continents, or for dife ecosystems or floristic regions

(Adams, 1974).

The organization of descriptive data about spduagka very clear taxonomic objective:
the identification and classification of the speamo taxonomic groups. After all, the
observation and measurement of morphological andtstal characteristics of living

organisms is the basis of taxonomic work. Specimégtisthe same characteristics are
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congregated in hierarchically structured and relgi®ups. The main products of these
databases are diagnostic keys, taxonomic descargpéind models of classification. The
results of these analyses lead, of course, to adéror other types of databases, such

as species descriptive databases and nomencldaiadlases.

The literature shows, at this time, general detong and discussions about the
utilization of computers to handle taxonomic datea(iss, 1973; Morse, 1974; Shelter,

1974; Watson, 1971).

One of the most significant facts for the developtrad taxonomic databases, still in
the seventies, occurred in the science of informmatihe development of the relational
data model (Codd, 1970). The relational data mowiéh the evolution of database
tools — database management systems (DBMS) - amdetrelopment of the personal
computer, at the beginning of the eighties, defialy amalgamated the science of
information with taxonomy, stimulating the develogmh of a profusion of studies,
articles and initiatives in the area of taxonomatadbases in the following decade
(Allkin, 1988; Allkin and Bisby, 1988; Barron, 198Bisby, 1984a; b; 1988; Freeston,

1984; Heywood, 1984; Pankhurst, 1988).

The eighties, stimulated by the popularity of pee@omputers and by the rise of
“friendly” database management systems, providednmerable taxonomic database
initiatives. The ability to create a taxonomic detse was available to everyone. Many

of these initiatives had been developed by reseasdchemselves (Adest al, 1984).
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However, it became clear that the ease of accebe timols and the object of study in
itself was no guarantee for the development ofesystthat could represent the real
world of the complexity, and frequently the subijeéty, of taxonomic information. As
the curatorial databases become more and more en#terdifficulties in creating
taxonomic databases with information about speeigsecially the ones that intended to
deal with nomenclature and classification, becanes elearer. Diverse “types” and
“subtypes” of taxonomic databases appeared, eslyetiase that were “species

oriented”.

Species-oriented taxonomic databases have the tsxthre principal entity, represented
by its main identification: the scientific name.dantrast to specimen-oriented
databases, species-oriented databases represerdlgations based on observations
made from a limited number of specimens availableegbariums and museums.
Compilations of data about specimens are genedalarethe taxonomic groups to

which they belong (Adegt al, 1984; Allkin, 1984a).

Species-oriented databases can assume extremeglg $orms, such as a “checklist”
for one defined region; more complex forms, such@asenclatural databases, have
details about the accepted or valid names, synonguatlorities and references, for
example; and descriptive databases about speares &&sociated with the species
names, information on vernacular names, geograpsicbution, morphology, uses,

chemical components, chromosome number etc.

It is important to notice that, from a data quaptint of view, the information about a

species is a compilation from the union of all itfermation available about specimens
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which belong to this taxon; thus the reliabilitytbé information is directly proportional
to how representative is the group or number ofispens studied, which in turn is
affected by the quality of the manual or automaiextedures which placed the
specimens in the taxon. Obviously, it is impossiblea taxonomist to observe and
measure all the existing individuals of one deteeditaxon, in the past, present and
future. Thus, taxonomic information is inherentfyadower degree of reliability than
actual specimen observations, although for welllistli groups this difference is often

negligible (Morse, 1974).

The 1980’s brought great advances in taxonomiddats. Questions previously
neglected were presented and discussed. The \abibe user, the need to transmit
taxonomic knowledge efficiently and effectivelyettifficulties in establishing an
efficient data model and the need for “taxonomicaitelligent database programs”
(Allkin, 1988) were raised (Allkin, 1980; 1987; 1881989; Allkin and White, 1989;
Barron, 1984; Bisby, 1984b; 1988; Gomez-Pompa aendihg Jr, 1988; IUCN-BGCS,

1987; Pankhurst, 1988).

Since more and more taxonomic databases were apgdaoth institutional and
individual, concern about sharing data was risAktghis moment the need to establish
data standards and communication protocols waabyin order to make possible
data sharing between different databases (AllK#8,71 Allkin and White, 1989; Croft,

1989; IUCN-BGCS, 1987).

In September 1985 the first meeting of the “TaxomoDatabase Working Group”

(TDWG) took place. According to its constitutiohetTDWG *“is a not-for-profit
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scientific and educational association formed taldsh international collaboration
among biological database projects so as to prothetevider and more effective
dissemination of information about the world’s kege of biological organisms for the

benefit of the world at large”.

At that time TDWG was able to bring together reskars involved in the development
and management of taxonomic databases, promotiegnge and publication of
specific works and giving special emphasis to tindion of standards by the creation

of specialized working groups.

Within the scope of data standards and communitg@tiotocols it is important also to
note the establishment of the “Herbarium Informat&iandards and Protocols for
Interchange Data” — HISPID — as a standard forimathfe interchange of electronic
herbarium specimen information. HISPID has beereli@ed by a committee of
representatives from all major Australian herbarias interchange standard was first
published in 1989, with a revised version publisteeti993 (Croft, 1989; Whalwn,
1993). In 1987 the Botanic Gardens Conservaticeriational published the
International Transfer Format (ITF), a protocolriterchange data about live

collections in botanical gardens (IUCN-BGCS, 1987).

The 1980’s saw the appearance or consolidatioproféct-driven” databases and
“software packages” designed to meet the demanarf@nization, management and
analysis of taxonomic data (Allkin and Winfield,a® Bosbactet al, 1990; Johnston,
1980; Pankhurst, 1986; Partridgeal, 1986; Reznicek and Estabrook, 1986;

Vogellehner and Speck, 1988).
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As examples of “project-driven” taxonomic databasescan cite the International
Legume Database and Information Service (ILDIS)r&de Veracruz, Flora of Mount
Kinabalu, TROPICOS and PRECIS, among others (AllkBB6; Beaman and Regalado
Jr., 1989; Bishy, 1986; Gibbs-Russell and ArnoB9; Gibbs-Russell and Gonsalves,
1984; Gémez-Pompet al, 1984; Gomez-Pomp al, 1985; Gomez-Pompa and

Nevling Jr, 1988; Moreno and Allkin, 1981; 1988; Moand Gomon, 1993).

Taxonomic databases had also acquired in this dabadstatus of institutional
databases, in the sense that the scientific itistitsl had recognized the strategic
importance of the information for their missiondahe balance between the cost and
the benefits of adopting computer systems becanre fagourable (Crovellet al,

1984; Mackinder, 1984).

The beginning of the 1990’s greatly changed thdexdnn which taxonomic databases
were being discussed. In response to the thrahetearth’s biological resources, the
United Nations Environment Program (UNEP) conveaguoup in 1988 to explore the
need for an international convention on biologabigkrsity. By 1991, the working
group of experts on biological diversity had becdmewn as the Intergovernmental
Negotiating Committee, and its work culminated iayML992 with the Nairobi
Conference for the Adoption of the Agreed Text lo& €onvention on Biological

Diversity (CBD) (Duff, 1997; Juma, 1997).

The Convention was open for signature by all Statesregional economic

organizations at the Rio de Janeiro United Natidosference on Environment and
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Development in June 1992 (“The Earth Summit”), eerdained open for a year
thereafter. During that time, it received 168 signes, and by December 1993 the

Convention entered into force with ratificationrit@almost 20% of those signatories.

The world community’s growing commitment to susédile development inspired the
CBD, and it now represents a dramatic step forwattle conservation of biological

diversity and the equitable sharing of benefitsiag from the use of genetic resources.

The CBD includes in its scope, two aspects thaeélzastrong relationships with

taxonomic databases: The Clearing-house Mecharigm/(www.biodiv.org/chny

and the Global Taxonomy Initiativat(p://www.biodiv.org/programmes/cross-

cutting/taxonomyy.

The general aim of the Clearing-house MechanismMTid to promote both national
and international technical and scientific coogeratoncerning the exchange of
information on biodiversity. Article 17 of CBD primles a broad information mandate
to facilitate the exchange of technical, scienticl socio-economic research,
specialized knowledge, indigenous and traditiomaiviledge, training programmes,

and the repatriation of knowledge.

The Global Taxonomic Initiative (GTI) is concerngdh removing or ameliorating the
so-called “taxonomic impediment” — that is, the Whedge gaps in our taxonomic
system, the shortage of trained taxonomists amat@s;, and the impact these
deficiencies have on our ability to conserve, us® share the benefits of our biological

diversity.
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With the CBD, and other international agreementhsas CITES and “Agenda 21", all
aspects of taxonomic information — sources, geimramaintenance, management,
repatriation, sharing and accessibility - receigkabal attention and consequent

international political support and priority, ineti990’s.

This global focus and demand for biodiversity imfation, together with the
phenomenal development of the Internet and the dWatide Web, launched taxonomic
databases into a new era and, especially, gaverthesh greater visibility (Beackt al.,
1993; Bishy, 2000; Burlegt al, 1997; Canhost al, 1997; Carling and Harrison, 1997;
Green, 1994; Hagedorn and Rambold, 2000; Wilso@120raxonomic databases, in
different formats and presentations, became availathe World Wide Web and the
consumers of biodiversity information multipliedunprecedented variety. “Global

Species Databases” and “Federated Architecturedrbeamew words in the vocabulary.

However, global analysis and assessment need algidbrmation system, capable of
interconnecting different taxonomic databases atdha world to deliver a concise,
precise and objective answer to a given questigrthB end of the 1990’s, this “global
biodiversity information system” had become on¢hef major challenges for biologists
and computer scientists (Bisby, 1993; 2000; Bigly Brandt, 1999; Everard, 1993;

Green, 1994; Sugden and Pennisi, 2000; Wilson,)2000

International organizations and consortiums, suctha Global Biodiversity
Information Facility (GBIF), and different approashto the compilation of a global
species checklist, such as Species 2000 (http://\ap2000.0rg) and the “All Species

Foundation” (http://www.all-species.org) came onhe scene.
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The technical challenge to achieve this level ténoperability is not restricted to data
standards, data models, networking and interfaxeess Merging or linking
heterogeneous biological databases which may kellmsdiffering taxonomic
treatments arose as a practical problem and at tiengerojects such as LITCHI
(Brandt, 1999; Emburgt al, 2001; Emburet al, 1999; Jonest al, 2001; Sutherland

et al, 2000).

Almost three decades of intellectual effort, asst@d with technological advances in
the database scenario, gave to taxonomic databadgelsmew approaches in order to
attempt a better representation of the compleXittassifications (Berendsohn, 1995;
1997; Berendsohet al, 1999; Graharet al, 2002; Pullaret al, 2000; Raguenaust

al., 1999; Raguenaugt al, 2002; Zhonget al,, 1996).

At the beginning of the new century, taxonomic bates are becoming a pivot of the
“Holy Grail” of global biodiversity knowledge andistainable management.
Taxonomic information breaks through the barriethef specialized world of scientific
taxonomy to achieve public visibility and sociahtknd via the World Wide Web

(Burleyet al, 1997).
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3. Taxonomic data domains

In order to define a workable framework for estsiilng a link with data quality

concepts in the next chapter, the concept of “dataains” will be explored.

The concept of a “domain” can be understood asataa under one rule”. Taxonomic
data domains will be defined to group together delinit different taxonomic data
types which relate to common sets of data quatitycepts and rules. Examples of the

different types of domains will be discussed below.

Thedata domaircan be expressed as a set of data elements ¢hati@ied to one
another. It should be clear that classifying déferdata types in the same data domain
is for the purpose of treating taxonomic data edbntext of data quality and not as a
data modelling exercise. The difference betwd@a modebnddata domains that the
first has a straightforward relationship with tlencept, logical design and
implementation of a database and its structurelevdaita domains a concept to

aggregate data elements in order to relate @ath quality dimensions

3.1. Nomenclatural data domain

The classification of living things is called sysi&tics, or taxonomy, and should reflect
the evolutionary trees (phylogenetic trees) ofdiierent organisms. Taxonomy
combines organisms into hierarchical groups cdbed, while systematics seeks their
relationships. The dominant system is called Liama@xonomy, which includes ranks

and binomial nomenclature. How organisms are namgdverned by international
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agreements such as the International Code of BtbNomenclature (ICBN), the
International Code of Zoological Nomenclature (IQZAhd the International Code of

Nomenclature of Bacteria (ICNB). A fourth Draft Blode was published in 1997

(http://www.rom.on.ca/biodiversity/biocode/biocod8Thtm) in an attempt to
standardize naming in the three areas, but it doeappear to have yet been formally
adopted. The International Code of Virus Classiftmaand Nomenclature (ICVCN)

remains, until now, outside the BioCode.

A nomenclatural data domain can be defined as af setme elements, such as genus
name, specific epithet and authority, related togeby a pre-defined set of rules, based
on the international codes cited above. For plantes, these name elements were

represented by Bisby (1995).

One notable characteristic of the nomenclatura damain, in the data quality context,
is the ambiguity of the data type elements. Red(h886) considered three types of
data: labels, categories and quantitiexbelsare data items created primarily for the
purpose of naming or identifying an entiategoriesare data items that indicate
specific categories within a classification schear@quantitiesare data items that are
results of measurement in well-defined units omtsuDespite the binomial
representation of a scientific name it behaveslabdd, and its elements, with the

exception of the specific epithet, can be consdi@secategories.

In the real world, the representation of scientii@nes in databases has a large

variation in structure and taxonomic precision. Séheariations are related to the
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objectives of the databases and the ability ofdlizgabases to represent the

nomenclatural structure.

3.2. Classification data domain

Two major fields of systematics ackassificationandnomenclatureClassification is

the process of establishing and defining systengatiops. The systematic groups so
produced are known as taxa (singular, taxon). Natagure is the allocation of names
to the taxa so produced. In carrying out their aedges, systematists first complete their
classificatory work. Only when they are sure thayeéhachieved, on the basis of the
information available, the best possible systematiangement of the organisms they
have studied, do they begin to ascertain the conaues for the taxa they have

established (Jeffrey, 1977).

The commonly used identifier for a taxon is its eafout the same name may be
applied to different, non-congruent concepts @bah. The difference may range from
outright misapplication of a name to slight disagnent over the circumscription of a

taxon (i.e., its boundaries against other taxay¢Besohn, 1997).

Some of the most meticulous species-oriented taxandatabases go beyond a simple

list of scientific names. They store and handlatauithl data elements, such as status

and synonyms, which are related to the taxonoreatitnent of scientific names.

Despite the different approaches that have beamntakorder to model the complexity

of taxonomic classification (Berendsohn, 1995; &udit al, 2000; Raguenauet al.,
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2002; Zhonget al, 1996), the following common data elements relébeclassification

information can be associated with the classificatiata domain:

* Name status (accepted, provisional, etc.)

* Nomenclatural status (synonym, homonym, etc.)

» Taxonomic reference citation (bibliographic referenauthor, place and date of
publication, etc.)

* Any other data elements that represent classificatiformation

3.3. Field data domain

Berendsohret al (1999), defindield dataas information about the “who” and “where”
of a collection or field record, descriptors regtfrom field observations and the
collection event itself. Field data elements atategl to collections databases
(herbarium and living collections) and databasas shpport floristic surveys,

ecological and phytosociological studies.

In the context of data quality, sub-domain levélthe field data domain are desirable.

3.3.1. Spatial data sub-domain

The spatial data sub-domain refers to data elemientise field data domain, which
represent the geographic position of the obsemvatidhe collection event and its
environmental characteristics. Some examplespafial sub-domaiare names of
countries, regions or localitiesgtegorie$, geographic coordinateguantitieg and

general description of the sitguantities labelsandcategorie$.
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3.3.2. Curatorial data sub-domain

In the curatorial data sub-domain we can aggredgiie elements which comprise
heterogeneous but related sources, in the contebdta quality. The curatorial sub-

domain includes the following data elements:

* |dentification events (i.e. determination authatedtmination date)
* Related collection management and curatorial dts/data (i.e. loans, voucher ID,

voucher localization)

3.3.3. Specimen descriptive data sub-domain

The specimen descriptive data sub-domain inclulelsi& elements which are the
result of a process of observation or analysisezgut on the specimen.
Morphological, physiological and phenological dekaments are examples of data in
this sub-domain. In taxonomic databases, a spectieseriptive data domain is related
to curatorial databases as a representation aiptbemens’ collectors and their notes.
Specimen descriptive data sub-domains are preeninestructured data, not
necessarily in a database system, to be used lic&gns in order to generate, for
example, cladistic analyseand automatically generated descriptions or ifieation
tools. Examples of specimen descriptive data aighhéyenerally used for trees),
flower colour, presence of fruits, measures of ésaetc. The collector name, collection

date and expedition data belongs to this sub-doaminell.

% A cladistic analysis attempts to reconstruct the evolutionary history of a group of organisms
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3.4. Species descriptive data domain

In the species descriptive data domain we grougeatriptive data that results from
compilation of descriptive data from the specimeha given species. Species
descriptive data are directly related to speciented databases. The importance of
species descriptive data was pointed out by BigBg&) as “The simplest and probably
the commonest type of taxonomic communication @&vigling a user with information
or further information about a taxon”. Examplespécies descriptive data can be a
morphological description, geographical distribatiand “common knowledge” data
such as uses, life-form, vernacular names, haleitatand may extend into other areas

such as chemical, behavioural, or ecological daisbf/, 1988).
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4. Data quality

4.1. Data quality definitions and principles

Before beginning to establish a framework for stgdn taxonomic data quality, it is
necessary to introduce data quality concepts afiititens previously proposed.
Despite the several different definitions, studiad approaches ata Quality(DQ),
what seems to be a consensus is that any qualitepb can only be applied at the
moment where the data are used for some purposedely adopted definition of high-

quality data is “data fit for use” (Strorgg al, 1997).

Data in a database has no actual value (or evdityyuid only haspotentialvalue. Data
hasrealizedvalue only when someone uses it to do somethiatuugEnglish, 1999).
The quality of data cannot be assessed indepegds#ritie people who use the data —

data consumers (Strorg al, 1997).

At this point, it should be clear that data quaissues go beyond the data values

themselves, and one way to categorize these issasdollows (Redman, 1998):

» Issues associated with data “views” (models ofréa¢ world captured in the
data) such as relevance, granularity and leveetdik

» Issues associated with data values, such as ag¢emtsistency, currency and
completeness;

* Issues associated with the presentation of dath, &sithe appropriateness of the
format, ease of interpretation and so forth;

» Other issues such as privacy, security and owngrshi
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Despite the obvious dependence between the dalitycaurad data use, English (1999)

classified data or information quality issues adawg to two different standpoints:

* Inherent information quality — The degree to which data accurately reflect the
real-world object that the data represent or, synspdted, the data accuracy;

* Pragmatic information quality — The degree of usefulness and value the data
has to support the enterprise or institution preesshat enable enterprise or
institution objectives to be accomplished. In esselt is the degree of

consumer satisfaction derived by the data consumers

This classification recognizes that some aspeatiatat quality can be tackled without
the dependence, and consequently subjectivitheotitita use. Because the study of all
aspects of information quality in sufficient deptbuld be impossible, with the time
and resources available, this thesis will theretanecentrate on inherent information

quality.

In order to better understand and define data tyuaBues that affect taxonomic
databases, we must understand the processes aifiiieadnvolved in taxonomic data
creation, management, usage and delivery. Foraime season, we must recognize the

“actors” involved in this process.
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Figure 2 — Representation of the “taxonomic informa  tion chain”

For the purpose of this work, the figure abovesiitates, at a basic level, the processes
involved in taxonomic database creation and taxoa@miormation production and
delivery. This set of processes is also known asntftormation Chain(English, 1999;
Redman, 1996), and can be related tdifbecycle modeproposed by Redman (1996)
which hagdata storageas the middle activity, related data acquisitioractivities and
data usagectivities. Notice that the model presented alunes not intend to detail all
aspects and complexity of the taxonomic informatibain. But the level of detail

adopted is appropriate as a reference in the follgwarts of this Thesis.
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acquisition usage
activities activities

Figure 3 - Data Life Cycle Model (Redman, 1996)

The reason to adopt this conceptual model to rBtistthe activities involved with
taxonomic databases is because, despite its sitgpiids perfectly applicable within
the taxonomic database context and provides anrstatieling about how the activities
are related with the database (data storage).isetiording to Redman’s model, the

following activities can be defined:

Acquisition Activities:

1. Define a view— According to the prevailing approach to data atiouy,
specification of a view is a required first steggaling with data. A view
defines the “part of the real world” to be capturethe data. One or more entity
classes have to be specified, each defined byaf sétributes;

2. Implement the view— A view is merely a set of definitions. Thusmitist be
implemented. This step should take into accourtticiens and/or limitations
imposed by the storage medium and by the data reamag system;

3. Obtain values— This step deals with acquiring specific valumstie attributes
of individual instances of the defined entity clkessConceptually this activity is
straightforward, but its importance and impactatedquality have been
underestimated. Failure to take this into accoiestat the root of many data
guality issues. A incomplete list of the ways dadlues may be obtained

includes measurement, surveys, observation, angragpfrom another source;
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4. Update records— Here, data are stored in some medium. We udertme
“update” in its broad sense, to include additiomafew record, deletion, and

modification of existing records.

Usage Activities:

1. Define a sub-view~ Typically a usage process will make use of @fynall
fraction of the data available. Thus, usage begitis a definition of the subset
of data to be used. The terms used to describaitied definition of the
acquisition and usage activities are intentionsifgilar, as both aim at selecting
a subset of something. But it is important to digtiish between the acquisition
activities, which define a view of the real worlddathe usage activities, which
define a user’s view of a data collection;

2. Retrieve— As a rule, data are collected and stored fer lase. Retrieval,
understood as fetching data previously storedniscgéssary step toward that
end;

3. Manipulate — Retrieved data serve as input to processindp, asiclassification,
analysis, manipulation and synthesis. This step lbealyypassed, as data are
often retrieved for the sole purpose of being presgto the user;

4. Present results— In this activity, results of the retrieval anémpulation are
passed on to the user. It is the form of the restdther than their content, that is
of interest here. The appropriate presentation &mould be determined by a
number of factors, including the nature of the Itssfinumeric, text, graphics

etc.), the medium (paper, computer screen eta)tl@user’s preference
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(people, applications software and optical readénsrefer different forms, for
example);
5. Use-— Here the result are finally used. The usersatd dre the final judge of the

quality of the data used.

From the taxonomic information chain, we can déscand distinguish the actors

involved in the processes as follows:

Data Producer— The data producers are those whose role islectdata from the
“real world”. In the taxonomic context, we considee real world to include any set of
specimens, “in-situ” or “ex-situ” and the assoadihtlata (environmental, spatial,
ecological, etc.). On the data producer dependpribatuction of the data sources, the
raw material of the taxonomic information. Whatttiguishes a data producer from a
knowledge worker is that a data producer colleata fom the real world and their
records are (or should be) the ultimate evidend@abgical facts and their relationship
with the environment. Data producer is not an es@kirole. In most practical cases,
taxonomists act as both data producers and knowledgkers. For example, a
taxonomist who collects a specimen to produce banem voucher is playing a data
producer role. This same taxonomist, studying asbkerbarium vouchers to produce a
taxonomic revision, is acting as a knowledge warkéeir role in the data quality
context is crucial. They are the interface betwibenreal world and its conceptual,

logical and physical representation — the database.

Knowledge Worker — The knowledge workers are those that producenmition.

They access and compile primary data sources ded @aferences (such as databases)
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and information products in order to produce infation material. They are, generally,
technical users of data and information (taxonansther scientists, researchers,
teachers, etc.) that require information to dortjudis. Knowledge workers have an
important role in data quality issues because #reythe judges of the inherent
information quality. In a practical taxonomic dedab context, they are responsible for

updating records Once again, it is not an exclusive role.

Data Intermediaries — Data intermediaries are those whose role isattstribe data
from one form into another. Data entry clerks, catep analysts, software developers,
webmasters, desktop publisher designers and &l sbworkers that are involved in
storage, management and presentation of taxonoifoicniation are data
intermediaries. The difference between data intdranees and knowledge workers is
that the result of the data intermediary’s jobas the information itself but its

framework.

End User— Knowledge acquisition is the principal aim oé #nd user and this
knowledge is used to promote actions and changghg\iour. End users don’t require
taxonomic information to do their jobs. Althougteyhare the judges of the pragmatic
information quality, they can’'t assess the inhenefirmation quality aspects. The

general public are the most common end users.

4.2. Data quality dimensions

Data quality, as presented in the literature,nsuétidimensional concept (Wand and

Wang, 1996). In the data quality research areanaber of data quality dimensions

® See definition of “update records” in “acquisition activities”
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have been identified, although there is a lackoofsensus, both on what constitutes a
set of a “good” data quality dimensions, and onwemeappropriate definition is for
each. In fact, even a relatively obvious dimensioch asiccuracy does not have a

well established definition (Wargg al, 1995b).

One of the most comprehensive definitions of daity dimensions is expressed as a

collection of 15 dimensions, arranged in 4 catego(Btronget al, 1997).

DQ Category DQ Dimensions

Intrinsic Accuracy, Objectivity, Believability,
Reputation

Accessibility Accessibility, Access security

Contextual Relevancy, Value-added, Timeliness,
Completeness, Amount of Data

Representational Interpretability, Ease of understanding,
Concise representation, Consistent
representation

Table 1 - Data Quality categories and dimensions (S  trong et al., 1997)

Because all these definitions and classificatidrdata quality issues were formulated
from the business management and enterprise plound\ws, the first principle of this
work is that to understand and tackle data quedgyes in taxonomic databases, we
must define specific data quality dimensions, mare to the particular characteristics
of taxonomic data. These specific quality dimensjave designat€axonomic Data

Quality Dimensiong¢TDQD), which will be developed in the next chapter
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5. Taxonomic data quality dimensions

The Taxonomic Data Quality Dimensions will be fotatad by applying and adapting
existing data quality dimension definitionstaxonomic Data Domaingreviously

defined and described in the third chapter of tiésis (Figure 4).

Data Quality

Data Quality
Dimensions

Taxonomic
Data Quality
Dimensions

Taxonomic
Data
Domains

Taxonomic
Databases

Figure 4 — Definition of the process of formulating Taxonomic Data Quality Dimensions

5.1. Accuracy

The accuracy dimension, also knowrcagrectnesssoundnessvalidity andfreedom-
from-error, or everprecision is regarded in most data quality studies as a key
dimension (Wand and Wang, 1996). For these diftemamesaccuracyis defined as
“the extent to which data is correct and relialfleipinoet al, 2002) and “whether the

data available are the true values” (Motro and Rak898).

Veregin (1998) defined accuracy as the inverserof eanderror as a discrepancy

between the encoded and actual (real world) valaeparticular attribute for a given

46



entity. For Redman (1996), accuracy afadum<e,a,\ refers to the nearness of the
valuev to some valu&’ in the attribute domain, which is considered a&sdbrrect
values (or one of the correct values) for the gr’t&ind the attributa. In some cases,
is referred to as the standard. If the datum’sesalcoincides with the correct valwg

the datum is said to be correct.

Regardless of how it is defined, as the degreeuefriepresentation of the real world,
accuracy can have different impacts over the diffetaxonomic data domains and, in
the taxonomic information chain, taxonomic datauaacy relies mostly on the

acquisition activities.

The field data domain is represented by data eleswenich are representations of a
biological fact, recorded based on observationsmaeasurements of specimens. The
accuracy of the field data domain relies on thaisaxy which thedata producer
achieves in his observation, interpretation, mesrsent and recording of the “real

world”, in this case the specimen and its environime

In the spatial data sub-domain, especially the diments which represent the
collection site, the accurate representation ottiikection site has a significant impact
on the composition of information about, for exaepéxon distribution patterns.
However, the quality of the spatial sub-domain baraffected by another dimension,

strongly related with accuracgrecision whose impact on quality is discussed below.

Nowadays, there is a consensus between data prsgdudeen engaged acquisition

activitiesin the “in-situ” real world, to rely on GPS equipnt for accuracy and
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precision of the collection site data and, consetiyegeographic coordinates.
However, for historical data in herbariums and nousg, the same level of precision

and, sometimes, the accuracy of the spatial dateaatoare simply unachievable.

Redman (1996) defines precision in a context cadledl of detailwhich refers to the
quantity of data to be included and how precisseiatata must be. Two issues are
involved in thelevel of detaildimensiongranularity of attributesandprecision of

domains’.

When analysing data from the specimen descript@ta sub-domain, accuracy is a key
quality domain for achieving the quality of the puitin the species descriptive data
domain and some quality dimensions associatedthltlassification data domain.
Once again, the degreemfecisionof the specimen descriptive data elements can have
a significant impact odata usage activitieespecially those carried out by the

knowledge workers

Although the data elements of the field data donaaén“factual” and theiaccuracy
represents the conformity of the recorded data thight‘'real world”, this reality may be
unverifiable (e.g. historical data), impracticaldioserve (e.g. too costly) and/or

perceived rather than real (e.g. subjective evanauch as colour, abundance, etc.).

As species descriptive data elements always remrgseeralizations based on
specimen descriptive data elements, the accuraspediies descriptive data elements

relies on three aspects:

* “Domains” are used here in a database context, which means the set of possible values for a
given attribute.
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* The numbers of specimens observed
* The accuracy of the specimen descriptive datadoh epecimen observed

* The “accuracy” of identification of specimens

The first aspect cited above may involve other igpdimensions such asccessibility
(no access to all available specimens) @amdency(the data about all the specimens

was not available at the desired time).

Even if the classification and the descriptive ddiaut all the observed specimens are
perfectly accurate, it is virtually impossible fotaxonomist to access “all” the
specimens of a given taxon. Thus, as pointed olddnge (1974), “taxonomic
information (species descriptive data domain) iienently of lower degree of reliability

than specimen observations (specimen descriptitzecitanain)”.

In the nomenclatural data domaatcuracycan be expressed by the conformity of the
name elements with the rules and standards thiaediés domain (the nomenclatural

“real world”).

In addition, an accurate nomenclatural data doro@mbe expressed in a reverse form,
as an accurate label for a given biological erfipecies or specimen) which makes it
possible to associate, select and access accafatmation for that biological entity

from different data sources, especially for thecgggedescriptive data domain.
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In the context of the field data domain, the taxaiwaccuracy data quality dimension
represents the degree of conformity between treealad the biological fact, for a given

specimen.

Associated with the classification data domainip8irg et al (2003), in a paper
discussing data quality issues to be consideredh wbeducting taxonomic analyses for
biological assessments, consider 3 potential oxlaliips between taxonomic accuracy
and precision. The®] and the goal of taxonomic work, is that the databoth accurate
and precise. The"2is that data are precise but not accurate. Thiisaship represents
a bias that might have resulted from misinterpretadf a dichotomous key or
morphological structure, or use of invalid nomenaie. The 3 potential relationship

represents an undesirable scenario where data#renaccurate and imprecise.

Precise and accurate Precise, not accurate Mot precise, not accurate

Figure 5 — Relationship between precision and accur  acy for the classification data
domain

In Figure 5 above, taken from Striblieg al. (2003), “T" represents the “analytical
truth” and, for taxonomy, the analytical truth 13:the most currently accepted
taxonomic literature, 2) a reference collectioreferably verified by appropriate

taxonomic specialists, or 3) type material (e.glptype).
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5.2. Believability

Believability is the extent to which data are retgar as true and credible. Among other
factors, it may reflect an individual's assessnddrthe credibility of the data source,
comparison to a commonly accepted standard, anibpieexperience (Pipinet al.,
2002). Believability has a strong relation with #rey cited dimensiorreputation— the
extent to which data is highly regarded in termgs$ource or content (Pipiret al,

2002).

As pointed out by Wangt al (1995a) in their hierarchic representation ohdatality
dimensions (Figure 6helievabilityhas a direct relationship with other dimensions,
such asaccuracy consistencyandcompletenesdHowever, in a taxonomic “world”,
believabilityand another close related dimensi@putationcan have specific

meanings and impact on data quality aspects.

data quality
(Rerprotable >

believable

accessible

{source )
redible

Figure 6 — Hierarchy of data quality dimensions (Wa  ng et al., 1995a)

In a taxonomic contexbelievabilitymay have two different meanings: the believability

of data sources and the believability (reputatmirinowledge workers.

Taxonomic databases are created from primary dat&e records, other databases and

other references (for example, monographic revgiamamed aproductsin the
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taxonomic information chain (see Figure 2). Obviguthe believability or credibility
of this database relies on the believability okstherimary data sources, and the

subjective reputation of the knowledge workerswbhas of the products.

The believability of the subjective judgment ofreokvledge worker in, for example,
compiling different data sources to produce a moagigic revision is related to
pragmatic information quality and is out of the pe®f this Thesis. However, as
specimens are the basic operational taxonomic,uhgdefinition of a taxon should
ideally include reference to all specimens usediim its concept and thus allow for re-

examination of the taxonomist’s conclusions (Besarnh, 1995).

Thus, related to the data content, the focus sefThiesis, théelievability quality
dimensiorof a taxonomic database can be related to thebdap#o trace back to the

original source of an attribute value, ultimatdig specimen observation or voucher.

5.3. Completeness

The completeness dimension can be viewed from rpargpectives. At the most
abstract level, one can define the concept oftherma completeness, which is the
degree to which entities and attributes are nosimgsfrom the schema. At the data
level, one can define column completeness as difumaf the missing values in a
column of a table (Pipinet al, 2002). For Wand and Wang (1996), completenegeis
ability of an information system to represent evaganingful state of the represented

real world system.
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Veregin (1998) defines completeness as “a lackrof® of omission in a database” and
describes two kinds of completenedata completenesas a measurable error of
omission observed between the database and théicgtean; andmodel completeness
as the agreement between the database specifieatibtine “abstract universe” that is
that part of the real world for which data are tieegl for a particular database

application.

Motro and Rakov’s (1998) definition for completesés “whether all the data are
available”, regarding the database terminology wliata completeness refers to both
the completeness of files (no records are missary),to the completeness of records

(all fields are known for each record).

Thecompletenesguality dimension in a taxonomic database corttastimpact and

peculiarities in all taxonomic data domains.

In the nomenclatural data domain, the record cotapéss represents the presence of
all name elements needed to compose the sciemdifie as expressed by the

nomenclatural rules.

In the same data domain, the file completenessased to the context of the database.
A regional checklist should have all scientific reswelated to that specific area. In the
same way, a taxonomic database on a specific taxiergroup should store all the

scientific names related to that specific taxonogn@up.
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The most common issue concerngampletenestm the classification data domain,
besides the record completeness of the classditatitributes, is related to synonyms.
For example, a “good qualityfomenclatural databaseshould have all other possible
scientific names associated with the “accepted”enadn, in adescriptive database

the user should be able to access all the infoomai&lated to a specific taxon, based on

any given name which could be relevant.

In the species descriptive data domaommpletenesissues are always present.
According to the data model and especially thellef/granularity chosen for each
descriptive attribute, achieving a reasonable degfeompleteneswill very often be a
problem because, for species attributes such aseaiar names and uses, they may not

exist or the information may not have been compiled

As far as an individual datum is concerned, only situations are possible: either a
value is assigned to the attribute in questionodr Im the latter null case, a special
element of an attribute’s domain can be assignedeaattribute’s value. Depending on
whether the attribute is mandatory, optional, aplicable, null can mean different
things. If the attribute is mandatory, a non nallue is expected. The null value is
interpreted as “value unknown”, the classical iptetation of database theory, and the

datum is incomplete (Redman, 1996).

Next, consider an optional attribute such as “shadpeaf” of a species. Here, the null
value can mean three different things: The spd@edeaves but the shape is unknown,

the species has no leaves, or we don’t know istfexies has leaves at all. In the first

® Database of scientific names and their status and relationship
® Database of descriptive characteristics of species
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case, the attribute is applicable to the entity,itswalue is unknown. The datum is
incomplete. In the second case, the attribute ispplicable due toharacter
dependenceand the null value is the correct value. The dasioomplete. Finally, in
the third case, we have no knowledge about thacaiylity of the attribute and hence

of its completeness.

As completenesgepresents, in short, all the possible representatf the real world,
we can defineompletenesm the following different forms, related to théferent

taxonomic data domains:

* Nomenclatural Completeness represents, at thedéeazl, the presence of all name
elements necessary to label a taxon. At the filelJemomenclatural completeness
represents all possible names, given a contexgrghy a taxonomic context (a list of
names for a specific taxonomic group) or a spabakext (a list of names for a

specific region).

* Classification Completeness represents, at théefilel, all possible names related to

an “accepted” name for a given taxon.

» Species Descriptive Completeness represents, attbed level, all available

descriptive information on a given taxon, accordimghe defined attributes.

For example, a hypothetical “complete” descriptila¢abase of the Legumes of Brazil

should have:

" The concept of character dependency has been explained in Pankhurst (1993).
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» All scientific names of species of legumes whichuwdn Brazil (homenclatural
file completeness).

e Each scientific name should have all the essendéiale elements, necessary to
distinguish one name from another (nomenclatu@negcompleteness).

» Each scientific name should be associated witbthkr possibly related names
(classification file completeness).

» Each scientific name should have complete deseeptiformation (descriptive
file completeness).

» Every field of descriptive information for eachetiific name should have data

(descriptive record completeness).

In a field data domain, the completeness data tyudbimain can be applied at the
record level, which means that all fields for aggivspecimen should contain data. At
the file level, the completeness of a field datendm can be represented as a sufficient

amount of data to describe the biological facts.

5.4. Consistency

In the literature, consistency refers to severay diverse aspects of data. In particular,
to values of data, to the representation of daid ta physical representation of data
(Wand and Wang, 1996). Veregin (1998) defines apescy as “the absence of

apparent contradictions in a database”.

Redman (1996) recognizes two aspectsooisistencysemantic consistencthat the

expression and interpretation of data should bar clemambiguous and consistent; and
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structural consistengyby which entity types and attributes should hiéneesame basic
structure wherever possible. Pipiebal (2002) defineconsistent representatias the

extent to which data is present in the same format.

Inconsistency can be related to the classificadiaia domain if two or more names are
considered as “accepted” to represent the sama &bxihe same time. However, in a
concept-oriented database where several taxondews\may be stored

simultaneously, such a situation would not be rég@ms an inconsistency.

Inconsistency issues can arise with any two reldtgd items. For example, if a species
descriptor is given as “habit = herbaceous” an@&$us wood”, the data is inconsistent.
This kind of inconsistency is very common in thatsgd data sub-domain as, for
example, latitude and longitude coordinates thaitdo places that do not represent the

same place described textually.

Inconsistent representation of the same attritaugdsio aconsistencyroblem and will
be present also in taxonomic databases with ptdbuwte domain definitions and lack

of data standards. For exampleabit = shrubd’ and “habit = busH.

Inconsistent data values will often arise when owanore collections of data overlap in
their entities and attributes. This is particularlye when compiling classification data
domains and species descriptor data domains fréereit data sources, with different
authors. For instance, in the classification datain, two different databases could
have the same scientific name as accepted, inrft@he, and synonym, in the second

one. This kind of inconsistency, treated as “catsli, is the main subject of projects
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such as LITCHI (Emburet al, 2001; Emburet al, 1999; Jonest al, 2001). For
descriptor data domain, one database can showrkatpecies is native while the other

database will assert that it is an introduced gseiti the same region.

In a nomenclatural data domain, inconsistent repasion of a scientific name is a
very common problem, often related to spelling exr&or example, “Vicia faba” and
“Vycia faba”. Moreover, consistency in the nomenhatal data domain means that a
scientific name has just one correct representétiomedundant representation by two
or more different scientific names with differepefling forms, unless it is the intention

of the database to record this, as in some nomenalalatabases).

Consistency in the classification data domain melaais for a given classification,

every scientific name has a classification statut just one “accepted” name for each
taxon, and all the “non-accepted” names shoulcelztead to at least one accepted name.
In addition, the classification itself needs todoasistent, e.g. two species in the same

genus can'’t be in different families.

Consistency in the field data domain and speciesrgeive data domain refers to a
consistent representation of the descriptive aitei and the absence of conflict
between related attributes, e.tpcality = Rio de Janeirbwith “ country= England;

“habit= herld’ with “use=wood'.

To summarize, a simple set of rules for defining ¢bnsistency of a record in a

taxonomic database can be defined as:
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Consistency exists when a taxonomic database reapigfies the following rules:

o all the nomenclatural data elements include just\alid scientific name
o all the classification data elements representgastspecific taxon
o all the field data elements represent just ondeiolgservation or collection
event
o all the spatial data elements represent just ohe heeation
o all curatorial data elements represent just oniel @lecimen
o all specimen and species descriptive data are:
o notin conflict by character dependence
o notin conflict by their descriptive characteristignorphological,
ecological, physiological etc.)

o standardized in their meanings

5.5. Flexibility

Levitin and Redman (1995) introdufiexibility as a quality dimension under a
conceptual view ofeaction to change-lexibility they understand as the capacity for a

view to change in order to accommodate new demands.

Although flexibility is not a notable data qualiymension (Wand and Wang, 1996), it
is a notable and desirable characteristic of taroo@atabases. As pointed out by

Pullanet al (2000), the same organism may at times be cledsatcording to different
taxonomic opinions and subsequently have seveasrhakive names. However, almost

all present taxonomic database implementationgesgned to handle only a single
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taxonomic view. The usual approach to handling naxeic data has been to use names
as identifiers of taxon concepts, with statemeeggrding the taxonomic status of a
taxon assigned to the name. This unrealisticallgef® the adoption of a single

consensus classification (Pullahal., 2000).

A few efforts have been made to overcome thesedtmns, based on more appropriate
data models (Berendsohn, 1995; 1997; Berendsbhh 1999; Pullaret al, 2000;
Raguenauet al, 1999; Zhonget al, 1996) and software implementations (Raguenaud

et al, 2002).

Despite the focus of this thesis on inherent infation quality — based on data values —
and for the reasons discussed above, we considepilibpriate to include a flexibility
data quality dimension, in the framework proposethis thesis, as the capability of a
taxonomic database, in a model or implementativel Jéo handle different
classifications of the same group of specimengyractodate new attributes and new

data types, for example, images, sounds etc., @heew values to existing descriptors.

5.6. Relevance

Relevance is defined in data quality research gagefthe extent to which data is
applicable and helpful for the task at hand” (Pggath al, 2002), as “the degree to which
the provided information satisfies user needs” (Nann, 2001), and as the extent to

which “the view should provide data needed by thgiaation” (Redman, 1996).

60



One practical example of relevance can be founkeatlatabase website of the

Northeast Brazil Plant Checklist of the Plant Imfation Centre of Northeast Brazil —
CNIP (www.cnip.org.br). In its first version, thatdbase was published with the main
page as an index of the botanical families (FigQréDespite the great relevance for

taxonomists, a group of importagnnd userssuch as agricultural technicians and small

farmers’ associations couldn’t see any relevaned aiintil the second version was

published with the main page indexed by vernaaudane (Figure 8).
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Figure 7 — Database of Northeast Brazil Checklist i
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Figure 8 — Database of Northeast Brazil Checklisti  ndexed by vernacular name

Relevance is related, without doubt, to pragmaticrmation quality and can have a
significant impact on what is called by Bisby (1884The Taxonomic Information
System”. In his papers, Bisby (1984b; 1988) hastedi out the absence of studies and
surveys about who are “the users” of taxonomicrimftion and the wide range of

“tasks” and communication flows involving taxononméormation.

Although the specificity of the relevance concepbased on its direct dependence with

“the task in hand” and “the user needs”, the rateeaof taxonomic information can

often be related to the classification data donaaith descriptive data domain.

Generally, the classification data domain seenigetbighly relevant to taxonomists, a

very specific and well delimited group of knowledggers, while general descriptive
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information, calledhe consumer’s target datay Bisby (1984b) seems to be more

relevant to end users.

To achieve a high relevance data quality or, ireothords, to tackle issues related to
the relevancy data quality domain, taxonomic databahould be built on a clear
understanding of the data consumers, their neeatithair tasks. In other words, they

should beconsumer-focussathtabases.

5.7. Timeliness

Timeliness reflects how up-to-date the data is weipect to the task it is used for

(Pipinoet al, 2002).

Timeliness has been defined in terms of whethed#te is out of date and availability
of output on time. A closely related conceptusrency which is interpreted as the time

a data item has been stored (Wand and Wang, 1996).

Timeliness is affected by three factors: How fastinformation system state is updated
after the real world system changes (system cuyjetite rate of change of the real
world system (volatility); and the time the data arctually used (Wand and Wang,

1996).

Considering taxonomic data domains, the classifinalata domain is the main data

domain which is affected by “volatility” and, cormgeently, is the main data domain

affected by timeliness issues.
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The spatial data domain, as evidence of the redtvab a specific time, is not volatile

at all. However, considering a herbarium vouchwez,dcientific name given to that
botanical sample is indeed volatile, for examplewtis identification changes. This
volatility will be reflected at the field level, drat the nomenclatural data domain, but it
is important to notice that once published andestily represented (the accuracy

dimension), one scientific name is volatile onlytgclassification aspect.

The curatorial data domain is volatile as well baly in the data elements which are
related to the collection management data (sudbaas and voucher storage data, for

example) and identification events, as a resulhefvolatility of classification.

The species descriptive data domain is volatithésense that a new set of raw data
(specimens) could result in adjustment or additithe generalized data which make
up the species information. This new set of ravadauld arise from new collections or

specimen observations or changes in classificati@xisting specimens.

The concepts discussed in this chapter and precioasters can be summarized in the

following table (Table 2).

Taxonomic Data Domains
Domain Nomenclatural | Classification Field Species
Descriptive
Sub-domain Spatial | Curatorial | Specimen
Descriptive
o Accuracy X X X X X
© « | Believability X
S 2 & [ Completeness X X X X X X
E's 2 [ Consistency X X X X X
S © £ | Flexibility X X
E 2 [ Relevance X X
Timeliness X X X

Table 2 — Summary of Taxonomic Data Quality Dimensi  ons, Taxonomic Data Domains and
their relationships explored as examples of inheren t data quality in this thesis
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6. Improving data accuracy in taxonomic databases

The quality of a real-world data set depends oaraber of issues (English, 1999;
Redman, 1996; Wanrgf al, 1995b), but the source of the data is the crf@tior. Data
entry and acquisition are inherently prone to errboth simple and complex. Much
effort can be given to improving this front-end gees, with respect to reduction in

entry errors, but the fact often remains that erolarge data sets are common (Marcus

et al, 2001).

Most experts agree that the general principlesuafity management as applied to
products can also be applied to data. This sugtjests should be two basic approaches
to the improvement of data quality, namely: detéstiection (and correction) and defect

prevention (Embury, 2001).

Defect prevention is considered to be far supeaatefect detection, since detection is
often costly and cannot guarantee to be 100% ssitdeg any stage. It is discussed
further in section 9.2. However, defect detectian h particularly important role to play
when dealing with legacy applications, for whichglavolumes of incorrect data
already exist (Embury, 2001). In this case, existiata defects can be identified, and

eventually removed, via a process knowmlais cleansing
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6.1. Data cleansing

Data cleansingalso calledlata cleaningor scrubbing deals with detecting and
removing errors and inconsistencies from data deioto improve its quality (Rahm and

Do, 2000).

For English (1999), the process of cleansing isfarove the quality of data within the
existing data structures. This means standardizamgstandard data values and
domains, filling in missing data, correcting ineat data, and consolidating duplicate

occurrences.

Aspects and techniques of data cleansing havediadied in the context ¢fnowledge
Discovery in Databasg&DD), also known aslata mining where data cleansing is
part of a series of interactive steps leading fram data collections to some form of

new knowledge (Figure 9).

Patterd >0 iﬁﬂgﬁ

E ﬂahtaﬁy @

Task—re]evant\(&-
Data 15
Data
Warehouse Selection and
Data ' Transformation
Cleaning o |
Data Integration W/

Databases

Figure 9 — Steps of the knowledge discovery process (Zaiane, 1999)
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The general framework for data cleansing is desdrly Maletic and Marcus (1999) as
follows:

« Define and determine error types

» Search and identify error instances

* Correct the errors uncovered

Thus, it is appropriate to say that the focus @f thesis will be on the task “define and
determine error types” (section 6.2) and on thk tasarch and identify error instances”
(section 6.3). Correction techniques and strategjiepart of the discussion, in section

9.1.

In the context of taxonomic databases, the prookdata cleansing will be related to
the taxonomic data domains and what will be calle@dnomic error patterns order
to explore and emphasise the different aspectsimitdtions of error detection and

correction in each taxonomic data domain.

6.2. Taxonomic error patterns

In order to establish a framework to support theceptual aspects and practical work
and experiments of this Thesis, a seTakonomic Error Patternare defined, based on
the general data content defect (or error) patterogosed by English (1999). These

generic error patterns will be related to thewonomic data domainghere they assume

different meanings in different data domains.
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6.2.1. Domain value redundancy

“Domain value redundancy- No standardized data values, or synonym values i

which two or more values or codes mean the samg.thjEnglish, 1999)

This kind of error pattern could have different mi@égs in the taxonomic context. First,
it could be exemplified in the species descriptte¢éa domain, when we have two
different records for the same specidgliit = shruld and “habit = busH, or “flower

colour = carminé and “flower colour = crimsoi

This domain redundancy can be very typical in a&deve data domain which lacks
standards or in a badly controlled process of datapilation from different sources

and from specimen descriptive data domains.

The specimen descriptive data domain is, in theesawanner, vulnerable tiomain
value redundancyhen considering, for example, herbarium databasewever, as the
raw data generated is usually obtained from diffedata producers (specimen
collectors), the domain value redundancy in theispen descriptive data domain is

expected and, at a reasonable level, accepted.

Domain value redundancy can easily happen by nestaki may be the most common
and deleterious error pattern in taxonomic datahdee example when we have two
different spellings of the scientific name for tiagon. However, as we will see in the
following data content error pattern definitionsistfits better in theluplicate

occurrenceerror pattern.
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6.2.2. Missing data values

“Missing data values -Data that should have a value is missing. Thisudes both
required fields and fields not required to be eatkat data capture, but are

needed in downstream processing.” (English, 1999)

Missing data values could have different meanimgsimpacts in different taxonomic
data domains, but are always related withchapletenesandaccuracy/precision

Taxonomic Data Quality Dimensions.

Considering a species descriptive database; angidgita value in a descriptive data

domain could have one of the following meanings:

1. The value of the given attribute exists but is wn;

2. The value of the given attribute doesn’t exist;

3. The value of the given attribute is inapplicablec a

4. The value of the given attribute exists, is knowd applicable but the data field

was missed in the data entry/conversion/migratracegss.

In the first case, an empty field for amerage heighattribute is a good example.
Despite the fact that almost every species, ingaeworld, must have average

height for that specific entity (species) the data valiazes not compiled or observed.

In the second case, an empty field forwkenacular namattribute is a good example

since it is a real world fact that not every spgtias a vernacular name.
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In the third case, we can havetmracter dependencwhere an attribute has its value
in a dependency (usually morphological) relatiopshith another attribute. Examples
could beflower colourfor a fern species record ospine sizattribute for a species

record without spines.

In the fourth case we have an effective error andssing data value.

Despite the complexity of the descriptive dataaxohomic databases, well documented
in the taxonomic literature (Allkin, 1984b; Allkiet al, 1992; Whiteet al, 1993), the
“missing value error pattern” will be consideredédas a generic error pattern,

illustrated by the examples above.

In the spatial data sub-domain, missing valuevang common in historical records in

herbarium databases, especially inl#t@ude andlongitudefields.

In the nomenclatural data domain, a missing vafteerame element, usually
represented by the absence of a nomenclatural canld represent an incomplete
classification of the entity (specimen or specas] is a very common “error pattern”

in taxonomic databases.

In some cases, the absence of scientific name atesmecluding authority name
elements, could be caused by a bad conversionggoagh the objective of atomizing
the scientific name string to be fitted in a diffet data structure. However, the absence
of infraspecific name elements does not preveetard being considered as complete

and correct.
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The general rule is that the missing value errétepa will have a direct relationship
with the data model and the structure of the datloa, in other words, the number of
“fields” or attributes which were defined to deberithe “real world”. The greater the

number of attributes, the higher the chance of imgsgalues issues.

6.2.3. Incorrect data values

“Incorrect data values -These may be caused by transposition of key-strekésring

-

data in the wrong place, misunderstanding of thamreg of the data captured, d
forced values due to fields requiring a value nowWn to the information

producer or data intermediary.” (English, 1999)

Incorrect data values are the most obvious andkmelvn error patterns and can affect
every data value in every taxonomic data domaith wo exceptions. Incorrect data
values are usually associated with poor data gatper interpretation, data migration,

conversion, transmission or input issues.

Incorrect data values can be of two types:

» The value is not valid for the given attribute

This type of incorrect data value can be typicakgmplified by values outside

the possible range for dates, morphometric measurrelsaracter states and can

be easily detected by automated procedures.
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= The value is valid but not a correct representaiotme given attribute

This type of incorrect data value generally carbetetected by automated

procedures and requires close investigatiokriowledge workert be detected

and corrected.

6.2.4. Nonatomic data values

“Nonatomic data values -Data fields may be misdefined as nonatomic or iplelti

facts may be entered in a single field.” (Engli$B99)

The nonatomic data values problem arises as a @salpoor data structure and
imprecise data modelling. This error pattern becaarg common when knowledge
workers (generally taxonomists) had access to “iserdly database applications” and
started to create their own database informatistesys. In fact, the most common
situation among taxonomists, in the absence oitinisinal support and with a lack of
specific applications, is to use a spreadsheéfiatrfile” to organize information about

species or specimens. The result, very oftenstsugture like this:

Family Species Vernacular Name

MIMOSACEAE Anadenanthera colubrina (Vell.) Brenan var. angico, angico-
cebil (Griseb.) Altschul jacare

ANACARDIACEAE Schinopsis brasiliensis Engl. barauna

Table 3 — Nonatomic data values examples

In the table above, we consider the multiple vafoesernacular name as an example

of the same error pattern of the typical nonatovalaes, shown in the species field.
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In a database management context, this kind oftsirel represents a real “nightmare”
for the database administration staff and hasrafgignt negative impact on efforts to

improve data quality and processes such as datafersgng.

However, nonatomic data values will be presenteitdn (but still not sufficiently good)

data structures and are very common in situati@eshese:

Family Genus Species Subspecies Author
LEGUMINOSAE Swartzia | simplex var. grandiflora (Raddi) Cowan

Table 4 — Nonatomic data values example

This situation reflects the absence of a spediid fto accommodate thank of the
infra-specific name element or epithet and thus gult in a nonatomic data value

problem.

Descriptive data domains will often be vulnerald@bnatomic data values when faced

with recording complex features, such as morphchkdgtructures or colour patterns.

6.2.5. Domain schizophrenia

“Domain schizophrenia- Fields may be used for different purposes depgnain a

specific requirement or purpose.” (English, 1999)

Caused mostly by a poor data model, one of the freptient expressions dbmain
schizophrenian taxonomic databases is related to the nomemeladata domain.

Incomplete or temporary attempts to classify a taxp a taxonomist could result in
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textual scientific name representations which deattsfy nomenclatural rules and will

be reflected in the database content.

Considering the following examples:

Family Genus Species
LAURACEAE Ocotea ?

LAURACEAE Ocotea puberula?
LAURACEAE Ocotea = QOcotea puberula
LAURACEAE undetermined

LAURACEAE Ocotea To be verified
LAURACEAE Ocotea sp.nv.
LAURACEAE Ocotea sp.1

Table 5 — Domain schizophrenia examples

The examples above can be very common in taxondatabases and illustrate the
utilization of fields for purposes that they weid designed for. The reasons for these
representations could be doubt on the part ofakertomist, an unfinished
identification process, lack of expertise to idBnthe taxon, or could represent an

acceptable level of precision in ecological studies

Thus, because in the taxonomic contextdbmain schizophreniarror pattern can be
related with thembedded meaning data vakeror pattern proposed by English
(1999), we are grouping these two concepts. Asxample of arembedded meaning
we can take the first record in Table 5, whereginestion marks “?” has tlemmbedded
meaningof an incomplete classification. Another examgdlembedded meanirgan be
seen in Figure 10, in the Northeast of Brazil Regabn Database, maintained at the
Royal Botanic Gardens, Kew, and available on therihet
(http://www.rbgkew.org.uk/brazilrepat/SearchApphewe a question mark “?” is

present together with the scientific name.
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harme | search the datahase| back to the results page
Ahoutthe project
Scanning Procedure
Achievements

Specimen details:
Family: Compositag
Species: BaccRIris sp. nov.?
Pantnerships & Funding
Collection data: Ganew, W, 573, 25/61992

£3 Contact: | osatior,. Brasil, Bahia, Abaira: Estrada Catolés - Abaira,
brazilrepatristiong@@rbokesw org Lk " entroncamento de Piatd - Abaira.

Specimen IC: KODDD54605

Copyright {2002), Board of Trustees of the Royal Botanic Gardens, Kew

kewy Hame Diata and Publications Brazil Repatriation Harme

Figure 10 — Embedded meaning example in Kew’s North-eastern Brazil Repatriation
Database

6.2.6. Duplicate occurrences

“Duplicate occurrences -Multiple records that represent one single real ldantity.”

(English, 1999)

The seven example records given fordbenain schizophreniarror pattern above
could be regarded as examples of the duplicaterctee of records which are
intended to represent a single taxon. However,usscaf the lack of a complete or
correct representation of the name elements, anehthedded meaning doubt and

unfinished work, we are not considering it as adgipcase of duplicate occurrence.
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One of the most typical expressiongdaplicate occurrencén taxonomic databases
occurs in the nomenclatural data domain, as atretalspelling error in the scientific
name. As a core entity in a taxonomic database/jafe new taxon”, represented by its
scientific name, can be easily created from a gentaxon by addition (omission,

transposition or substitution) of one single letter

Consider the following example, a fragment of aabase of marine species from New

Zealand:
Genus Species
Kolestoneura novaezelandiae
Kolostoneura novaezelandiae
Kolostoneura novaezealandiae
Harpecia spinosissima
Harpecia spinossissima
Harpecia spinossisima
Astraea heliotrophum
Astraea heliotropium
Astraea heliotropum
Astraea heliotrophon
Astraea heliotrophum

Table 6 — Duplicate occurrences example

As a database created without any kind of data/ eaintrol, we can assume with a high
degree of confidence that the eleven scientificempresented are intended to represent
only three different taxa. However, in databasdh #ie intention of documenting the
existence of valid (published) misspelled nameg,@&nomenclatural database, then

these names might not be considered as duplicatereaces at all.

The misspelling error in scientific names, consedienere as the main data quality

problem in taxonomic databases, related to dateenband the inherent data quality

context, will be treated separately in the follogvithapter.
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6.2.7. Inconsistent data values

“Inconsistent data values Ynmanaged data stored in redundant databases gién
updated inconsistently; that is, data may be updiateone database, but not the
others. Or, it may even be updated inconsistentthhe different databases.”

(English, 1999)

Following the English (1999) definition, inconsistelata values refers to different and
redundant databases. This situation could aris@ institutional context, when
different and unrelated databases have differdiat ianagement procedures and are

part of different taxonomic information chains.

For example, consider an institution which hasrdd@um database and a different
specimen oriented database to handle accessiomamagement of a live collection.
The lack of synchronization between both nomenddhticore” tables will become
obvious if the herbarium databases have a signifispdate, based on a recent

monographic revision for a specific taxonomic group

As shown in the examples given in the consisteraty duality dimension,
inconsistencies could be found in data values whedbng to related descriptive
attributes. However, they will be treated, follogithe English (1999) definition, as

examples of the incorrect data values error pattern
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6.2.8. Information quality contamination

“Information quality contamination —The result of deriving inaccurate data by

combining accurate data with inaccurate data.” (Hsl, 1999)

In a compilation and generalization of specimercdpve data, the species descriptive
data domain can be affected by information qualtgtamination. Information quality
contamination could be, in fact, the cause of oénesr patterns such as the
contamination of a species checklist by misspeliirsgientific name on a herbarium

voucher.

Information quality contamination is very often peat on summarized reports or tables
when, for example, just one defect value intieghtfield will contaminate thaverage

sizeresult.

6.3. Taxonomic error detection approaches and techn  iques

In addition to these generic data content erraiepad, proposed by English (1999) and
related here to taxonomic database issues, | peapose specific taxonomic error

patterns that will be explored in the context abedetection.

The focus in these three error patterns on dedimigind error detection techniques are

based on previous experience of the author, andateeconsidered as responsible for a

significant impact on data quality in taxonomicatzses.
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Nomenclatural Structural and Scientific Name Spglerrors have major importance in
taxonomic databases because they affect the paindigntifier of the taxonomic
information. Database domain errors will be presérats a conceptual framework

which can be used to detect inconsistencies betdatnvalues and the database’s view

of the real world.

6.3.1. Nomenclatural structural errors

As pointed out in Chapter Two, nomenclatural datmains, as far as plant names are
concerned, are governed by articles of the Inteynat Code of Botanical

Nomenclature (Greuteat al, 2000). Based on these rules, and taking acaufuhe
changes in successive editions and the occasigoapgons caused by the failure of the
rules, we can establish a set of procedures irr dodeheck the accuracy of a scientific

name in a taxonomic database.

For illustrative purposes, we consider the follogvimtame elements in a taxonomic

database:
LEGUMINOSAE Vicia faba L.
Family ° Genus name Species epithet Species author string
F G S SA

Table 7 — Name elements in scientific names

8 Although the concept of full name adopted as standard (Bisby, 1995), does not include the
family name element, we consider this name element as generally present in most taxonomic
databases, thus with a potential impact on taxonomic data quality over the database as a whole.
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Levels of validity

The scientific name can be checked following tHesels of validity:

e Structural level
« Nomenclatural level

+ Classification level

These levels represent ordered steps of a validatiocess designed to achieve the full

guality of scientific names in a taxonomic database

Scientific I
Names

Structural
validation

Structurally
Invalid names

Nomenclaturally
Invalid names

Nomenclatural
validation

N

Taxonomic

Provisional
Names Conflicts
Accepted I II
Names Synonyms

Figure 11 — Validation process for scientific names in taxonomic databases

Classification
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As a set of specific rules that can be appliecatthename element independently,
structural validation can be applied without thetipgation ofknowledge workers
(taxonomists), as an automated procesddis intermediarie®r as a part of data entry

checks or interfaces.

The structurally invalid names, detected as thelres the structural validation process,
can usually be corrected only by accessing themaliglata sources or, alternatively,

purged.

The nomenclatural validation process aims to auitete the relationship between the
name elements, regarding their hierarchical retatigp. Typical examples of
nomenclaturally invalid names arge@nusrelated to an incorre€amily, speciegelated

to the wronggenusor names without a valid authority. In essencenenclatural
validation certifies that a scientific name wasdigl published and actually exists in the

scientific community as a valid name.

The classification process intends to verify tHatrenship between the scientific names
in the database, regarding th&liatusas “correct” names, synonyms, misapplied names,
orthographic variants and so on. The classificat@irdation process in a taxonomic
database context does not intend to evaluate siMggadgements, but to detect
taxonomic conflicts between scientific names arairtapplication as taxon labels.
Aspects of taxonomic conflicts in taxonomic datasasave been studied in the context
of the LITCHI project (Sutherlanet al, 2000) and, as a pragmatic aspect of data
guality, the correct use of a scientific name aglantifier of a taxon will not be treated

in this thesis.
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Structural level

Validity at the structural level can be checkedcbynparing the scientific name
elements with the nomenclatural rules establisheithd International Code of
Botanical Nomenclature (Greutet al, 2000) or by the International Code of
Zoological Nomenclature (ICZN\et al, 1999). For illustrative purposes, the following

examples will consider a plant names database.

Following the example given above in Table 7, winge

Scientific name (SN) =Family (F) + Genus (G) + Sfieepithet (S) + Species

Authority (SA)in this order.

To establish the validity of a scientific name, tbhkowing example rules can be

applied:

SNis valid (va) when:
a) F<>[0] L G<>[0]L S<>[O]LC SA<>[0]
b) F=(va)L G=(va) L S=(va) L SA=(va)

Where [1] denotes the empty set, i.e. a null string

F =(va) when
a) F string elements] [A..Z] °

b) The last two string elements Bf= “AE” *°

° If the convention is to store family names in upper-case letters.
1% |nternational Code of Botanical Nomenclature (Tokyo Code), Art. 18.1 e 18.5
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G = (va) when:

a) G string elements] [A..Z] C [a..z] C O[] ** (hyphen)

b) The firstG string element is upper cake

c) All the G string elements, except the first one are in lovese™

d) The firstG string element_ the lasiG string element [-]

S=(va) when:

a) Sstring elements] [a..zZ] C O [-] ** (hyphen)

b) The firstSstring element_ the lastSstring element [-]
c) All Sstring elements are in lower cdse

d) SzG'*

SA = (va) when:

a) SAstring elementsl[a..z] C [A..Z]*

b) SAstring elements1[&] ¥ C[J C[]1C[1 C[(]1 C[)]

c) If[(]is presentinSA then [ )] must be present 8A in a position > [( ] position.

d) [)]is not the last character 8/A

Those examples can be adapted for different lefedscuracydemanded by different
databases purposes. Although the TDWG standardcatibh Plant Names in

Botanical Database@isby, 1995) does not considéenus Authorityas mandatory,

! International Code of Botanical Nomenclature (Tokyo Code), Art. 20.3
'2 International Code of Botanical Nomenclature (Tokyo Code), Art. 20.1
'3 International Code of Botanical Nomenclature (Tokyo Code), Art. 20.1
“ International Code of Botanical Nomenclature (Tokyo Code), Art. 23.1
!> International Code of Botanical Nomenclature (Tokyo Code), Art. 60F.1
'® International Code of Botanical Nomenclature (Tokyo Code), Art. 23.4
" Including specific language characters and accentuation

'® International Code of Botanical Nomenclature (Tokyo Code), Art. 46C.1
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specific monographic databases can define this rekeneent as mandatory,

consequently considering invalid any records wittltbis name element.

Nomenclatural level

Nomenclatural validation consists of authenticatirget of name elements as a valid
scientific name. Two approaches can be taken tmaate detection of nomenclatural
errors, both based on a technique callathbase bashingvhich involves comparison

of data in two or more databases.

The first approach aims to validate the individo@ine elements as a recognized label
for a taxonomic rank. Higher taxonomic ranks, sasliamily and genus can be checked
against authoritative datasets, such as Brumn8824), in order to validate the names
related to these ranks. In practice, only taxonaaunks at the genus level or above can

be checked against other datasets or dictionaries.

For species names, at species or infra specifa,léw any taxonomic group, there are
no electronic datasets (or even non electronic)ombih could be considered to have a
sufficiently high level of quality or confidence be used as a reference for the database
bashing process. However, tti@abase bashingoncept admits the comparison
between two or more unreliable databases. Recbhaliste equivalent in both databases

are considered to be reliable. Records that cardtiee deemed unreliable.

With authority data, despite the existence of a diattionary considered as a standard

(Brummitt and Powell, 1992), the complexity of e possible (and valid)
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representations of authorities related to a taxaaoamk'® makes an automated

validation of authority data a very difficult task.

The second approach aims to validate the relatipristween the taxonomic ranks in
the scientific name. In essence, to verify if tiveeg genus belongs to the appropriate
family, the given species belongs to ditto genuas, 0 on. The validation of authority

fields can be checked at this step, by their r@tathip to a given taxonomic rank.

Again, there are datasets or data dictionariescihaltl be used in order to compare the
existing relationship between the different taxororanks in a scientific name

(Brummitt, 1992).

Summarizing, the process of detecting nomenclatitrattural errors aims to establish
an ordered set of procedures to validate a catledif strings as a valid scientific name.
In the process, a series of outputs containingpisisus data” are generated which
should be evaluated ynowledge workersorrected and then re-integrated into the

process until the last validation process is sigfaég achieved.

6.3.2. Database domain exception

Taxonomic databases are intended to representatsoftthe real world. These subsets
can be defined as a “domain” of the database.Hi&taxonomic data quality approach,

we assume every taxonomic database will contdigaat one of the following domains:

« Taxonomic domain

!9 International Code of Botanical Nomenclature (Tokyo Code), Arts. 46-50
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e Spatial domain

» Descriptive domain

We can illustrate these database domains with ampbe of a hypothetical database of

“Woody Leguminosae of Brazil”:

Known plants

1

Woody
Plants

(descriptive domain)

Brazilian
Plants

(spatial domain)

Leguminosae
(taxonomic domain)

4

Figure 12 — Database Domain example: Woody Legumino  sae of Brazil database

In this particular database, the only valid recadsthose which are found in region

no.8 of the above figure.

Thus, the process for detecting database domagpéras consists in identifying the

records which fall in any other region outside ititersection of all the domains of a

given taxonomic database.
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Experiment in spatial domain exception detection

A practical example of spatial domain exceptioredgbn can be described with a real

case as follows:

The Plant Information Centre for the NortheasBiazil, received a database of
specimens recorded in the northeast region of Biramn a specific herbarium. This
database consists of a single table. All the recbeye latitude and longitude
coordinates and in order to check if all specimeare originally recorded from the
northeast region, an application was developedh¢alcthese records. The application
was developed using xBASE compatible language aaduted under Microsoft Visual

FoxPro 7.0 ©.

The application was set with four coordinates tingiéa rectangle enclosing the North
East region of Brazil: 01° 02' 30” $&afmin), 18° 20" 07” Slatmax, 34° 47' 30" W

(longmin and 48° 45' 24” Wlgngmay.

In sequence, the application checked all specimerdinates against the referential

coordinates for the northeast of Brazil, accordmthe following algorithm:

For each specimen record.
Given latitude and longitude.
If specimen longitude > longmadxspecimen longitude < longmin
L specimen latitude > latmak specimen latitude < latmin
then (the record lies outside the permitted region)

plot the spatial representation to specimen.
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From 425 specimen records, two records were detecttside the spatial domain:

record# k000013118
LAT 11° 33 S LONG 1137 W

s &

NRrARN
record# k000013312

For record# k000013118, we assume the LONG valisean@neously transcribed with
a latitude value, probably belonging to anothercspen. For record# k000013312 we

assume a swap between the latitude and the lomguaide occurred.

In essence, a “domain” represents a set of alliplesgalues of a database (records) or

of an attribute (values). Therefore, detecting galoutside the attribute domain is the

basic task to attempt to improve data quality.
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6.3.3. Scientific name spelling errors

Computers handle textual information — such assifienames - as a string of
characters, consisting mostly of a sequence @rketHowever, although all scientific
names are strings of characters, unfortunatelgwety string of characters is a

scientific name.

A scientific name is a label - a textual represeoa for a biological entity: the taxon.
In taxonomic databases, this particular stringhafracters usually represents the main
key to store, retrieve and access all the inforomatelated to a particular taxon or
“entity”. As pointed out by Bisby (1988), “most tax-based information systems
provide data-retrieval for a taxon starting frora thxon name”. Thus, if this sequence
of letters is incorrect, the data can’t be retrégvedrrect data will be linked with a
wrong entity or a duplication of records that aonwepresent the same entity will occur.
The process of merging two or more different taxoimodatabases is particularly

vulnerable to duplication of records.

Built mainly by manual data entry or, more receiityg on a small scale, by optical
capture devices, taxonomic databases are parlicslagceptible to data entry mistakes
because of the nature of scientific names. Thenllahiguage is a foreign language for
everyone and the textual representation of the @imsound of Latin names could be

easily misrepresented.

Spelling errors can be introduced in many waysftHewing three are probably most

important (Peterson, 1980).
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» Unfamiliarity with the authors’ names — Such errcas lead to consistent
misspellings and are probably related to differsrmetween how a word sounds
and its actual spelling;

« Typographical errors on typing — These are lessistant but perhaps more
predictable, since they are related to the posiidteys on the keyboard and
probably result from errors in finger movements.

« Transmission, conversion and storage errors — Téweseelated to the specific
encoding and transmission mechanisms, for exaraptesal character

recognition (OCR) used in data entry.

Spelling error patterns vary greatly dependinghenapplication task. For example,
transcription-typing errors tend to reflect typeerikeyboard adjacencies, e.g., the
substitution ob for n. In contrast, errors introduced by optical-chagactcognisers are
more likely to be based on confusions due to feagumilarities between letters, e.g.,
the substitution oD for O. Despite the difference of patterns, spelling irgan be of

three different types (Kukich, 1992):

e Typographic errors
» Cognitive errors

* Phonetic errors

In the case of typographic errors (e.g., the -> spkll -> speel ), it is assumed that the
writer or typist knows the correct spelling but pignmakes a motor coordination slip.
The source of cognitive errors (e.g., receive ¢ienee, conspiracy -> conspiricy) is

presumed to be a misconception or a lack of knogdezh the part of the writer or
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typist. Phonetic errors (e.g., abyss -> abisspaspecial class of cognitive errors in
which the writer substitutes a phonetically corfeat orthographically incorrect

sequence of letters for the intended word.

Damerau (1964) found that approximately 80% ofrafispelled words contained a
single instance of one of the following four ertgpes: insertion, deletion, substitution,
and transposition. Misspellings that fall into tlasge class are often referred to as
single error misspellings; misspellings that camtaiore than one such error have been

dubbed multi-error misspellings.

In the following chapter of this thesis, experingettt detect spelling errors will be set

up, investigating the error rates in taxonomic bdases and the performance of different

string similarity algorithms in detecting theseoest.
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7. Experiments in detecting spelling errors in scie ntific
names

7.1. Introduction

Automatic spelling error detection and correcti@avér been the subject of research
since the early 1960's (Alberga, 1967; Damerau4ig@kich, 1992) and have been
related to three main problems: spelling checkersard processor systems, retrieval of
proper names in databases and, more recently, rdh rgoognition in OCR processes

and “pen-based interface” devices.

The spelling error detection problem can be defiaed

Given an alphabez and a dictionaryp consisting of strings iri* , a stringsis

considered a spelling errorgf] Z* andsOD.

This definition establishes a working framework grhwill be used in this thesis,

considering the stringas a scientific name.

Spelling error detection in taxonomic databasesbeaa straightforward task when it
involves scientific names that represent taxondmecarchies such as Family and
Genus names. In this case, reference tables ceuldddl as a dictionary, as explained
in the case of structural nomenclatural error deteqSection 6.3.1). In contrast,

species names, as a binomial combination of geanerand specific epithet, need a
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different approach because, in most practical sans, a reliable dictionary of species

names with the same set of domains as a databasecteecked is not available.

7.2. Purpose of the tests

The process of detecting scientific name spellimgre in taxonomic databases
presented in this thesis aims to minimize “onehefrore tedious tasks of taxonomists:
to check and update long lists of species nameaskefe, 1997), in order to improve the

overall data quality.

Thus, the objective of the spelling error detecponcess is to detect and isolate
potential spelling errors in scientific narisising similarity algorithms in order to
identify pairs of scientific names which have athagegree of similarity to each other

but are not exactly the same.

The process of spelling error detection presemiehis thesis can be described as

follows:

For each scientific name (SNa)
Compare with all other scientific names (SiNb)he database
If SNa=SNb [ SNa# SNb then

List SNa, SNb

% The “scientific name” for the spelling error detection process is defined as a composition of
the genus name and a specific epithet.
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The process assumes that the existence of twotidiciemmes with a “high degree of

similarity” (=) but which are not exactly the sam&)(might represent a spelling error.

In order to establish a reliable process, the perdmce of different algorithms to detect
similarity between two scientific names will be @stigated in these tests. In the
experiments, we are classifying the error types he following categories, with the

following names:

« Extra or missing letter (insertion or deletion)
« Wrong letter (substitution)
« Transposition

o Multi-error

The error rates related to scientific name spelingrs in different taxonomic

databases will be determined through the use sktdédferent algorithms.

7.3. The Databases

7.3.1. The selection

Five databases were selected as raw materialdaxperiments:
Plant Databases:
1. Brazilian Atlantic Rain Forest
This is a Species-oriented database developed airdaimed by a research

project at Rio de Janeiro Botanic Garden — Brd#ike Atlantic Rain Forest
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Project Database is managed using the AiS&ftware (Allkin and

Winfield, 1993).

2. Brazilian Northeast checklist (Version 11)
This is a Species-oriented database developed amdaimed by the Centro
Nordestino de Informacdes sobre Plantas at ther&edaiversity of
Pernambuco — Brazil. The Plants of North-east Bidaiabase is also

managed using the ALICESoftware (Allkin and Winfield, 1993).

3. International Legume Database & Information Service— ILDIS (South
America Split, version 6)
The International Legume Database & Informatiorviger(Bisby, 1986;
Zarucchi, 1991; Zarucclat al, 1993) used in this thesis is a dataset called
“South America Split”, version 6.0. It contains $lodhmerica taxa for the
family Leguminosae. The ILDIS Database is also rgadausing the

ALICE® Software (Allkin and Winfield, 1993).

Animal Database:
4. Marine Invertebrates
The Marine Invertebrates of New Zealand Databaseoffared by Dr
Geoffrey B. Read, from the National Institute of t&fa& Atmosphere,
Wellington, New Zealand. This database was builinipyorting “old free
text”, with no data quality control at data enfffe original format of the

given database was a delimited ASCII text file.
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Mixed Database:
5. Species 2000 (Year 2002 Annual Checklist)

The Species 2000 DatabagenMy.sp2000.oryis a compilation of the

following databases:

o Bacteria and Archaea from BIOS

o Brown, green and red seaweeds from AlgaeBase

o Amoebidales, Asellariales, Dimargaritales, EccesaHarpellales,
Kickxellales, Mucorales, Phyllachorales, RhytisnegaZoopagales,
and, in part, Xylariales from CAB International’pe&Xies Fungorum

o Fish (Classes Myxini, Cephalaspidomorphi, Elasmotina,
Holocephali, Sarcopterygii, Actinopterygii) fromdriBase

o Birds, Isopods, Hydrozoan stony corals, turtlescodiles, and some
groups of mammals, amphibians, molluscs, and areates from
ITIS

0 Scarabaeid beetles from World Scarabaeidae Database

o Cephalopods from CephBase

o Sea Anemones (Order Actiniaria) from Hexacoralliahthe World

o Phyla Cephalorhyncha, Chaetognatha, Ctenophorayfach
Gastrotricha, Hemichordata, Mesozoa, Phoronidajréipla; classes
Pogonophora, Pycnogonida, Scyphozoa; and ordersaRgacea and
Scleractinia from the UNESCO/IOC Register of Mar@®ganisms

o Additional regional data from ITIS for groups natycovered
globally by Species 2000

o Family Leguminosae (Fabaceae; the legumes) fronmiS\Morld

Database of Legumes
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o Families Casuarinaceae, Magnoliaceae and Irvingatrem IOPI
Global Plant Checklist

o Order Potamogetonales (Cymadoceaceae, Posidoniaceae
Zosteraceae) and family Hydrocharitaceae (in Hyliatales) from

the Seaweed 2000 Database

7.3.2. Data preparation

Accepted and provisional scientific names fromfttst three databases, originally
managed by Alice Software®©, were exported to atélbte using the application called
ALEX, which is part of the Alice Software© applitat suite. The table generated by
the ALEX application, with the accepted and prawsil scientific names and
compatible with the DBF format, is a part of a skaml defined by Alice Software as a
transfer format between Alice Databases and ied&#lT.F. — Alice Transfer Format.
Following this standard, the table with the acceed provisional scientific names,

called SAM.TDI, has the following structure:

Field Name Type Size
T NO Numeric 5
STATUS Character 22
GENUS Character 30
G_AUTHOR Character 40
SPECIES Character 30
S AUTHOR Character 40
RANK Character 7
SUBSP Character 30
SP AUTHOR Character 40
B _NO Numeric 4

Table 8 — SAM.TDI table structure

As the ATF format permits repetition of scientifiames, to allow more than one

bibliographic reference to be associated with argdic name through the key field
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“B_NO”, the tools described in sections 7.5.2 arisiYwere set up to remove the
redundancy of identical scientific names before parmg the similarity between the

remaining unigue names.

The New Zealand Marine Invertebrates Database ¥iased in a “comma delimited

ASCII file”, as the following example:

"omorii","Acartia","Arthropoda Crustacea",1269
"simplex","Acartia","Arthropoda Crustacea", 1269
"teclae","Acartia","Arthropoda Crustacea",1269
"tranteri","Acartia","Arthropoda Crustacea", 1269
"praerupta”,"Acasta","Arthropoda Crustacea",1238
"inhaerens","Acervulina","Protozoa",4023
"goliath","Acesta","Mollusca",3128
"patagonica”,"Acesta","Mollusca",3128
"curvirostris","Achaeus","Arthropoda Crustacea",875
"fissifrons","Achaeus","Arthropoda Crustacea",875
"minutissima","Achanthostomella”,"Ciliophora",2314
"communis”,"Achelia","Arthropoda Chilicerata",465
"dohrni","Achelia","Arthropoda Chilicerata",465
"spicata","Achelia","Arthropoda Chilicerata",465
"pegasus","Acheronia","Arthropoda Crustacea",684

This file was imported into the MS-EXCEL® spreadsthgrogram and exported as a
DBF table, named as SAM.TDI. The field names fer genus and the specific epithet

were set up to comply with the A.T.F standard.

The Species 2000 Database was offered in a MS-AGCHE&tabase format. The table
SCINAMES was exported to@mma delimitedile and imported into MS-EXCEL®.
This spreadsheet was exported to a single tabl&, é@Bnpatible, named as SAM.TDI

and following the A.T.F. standard for tgenusandspeciedield names.

At the end of the conversion the five DBF compatitalbles, named as SAM.TDI,
contained at least two columns: GENUS and SPECITESse tables, callaslorking

tables had the following number of records, excluding ftientific name redundancy:
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Working Table No. of unique combinations

of genus + species
Brazilian Atlantic Rain Forest 1,802
Brazilian Northeast checklist 7,691
ILDIS 15,616
Marine Invertebrates 6,745
Species 2000 26,850

Table 9 — Number of unique scientific names in data  bases used in the spelling error
detection experiments

7.3.3. The invalid characters problem

In the first round of tests the presence of invahdracters was detected in all
databases, as a result of the structural validgtioness, considered in section 6.3.1. In
the second round of tests, these characters wa@vezl in order to avoid
compromising the execution of the spelling errgoathms.

Invalid characters, characters not in the allonetdA..Z], [a..z] and “-”, are often

found associated with scientific names as a reisuifiost of cases, of a combination of
poor data modelling and doubtful or imprecise tagdetermination. Although the use of
abbreviated status flags, suchcasaff., sp.nr.etc. is commonplace in association with

species names, better data structures will praaisigecific field for these status flags.

Genus Species Database
Panicum aff.nervosum PMA
Persea cf.pyrifolia PMA
Ophiactis abyssicola var.cuspidata Marine
Gymnangium gracilicaule/armatum Marine
Pterocarpus sp.1 ILDIS
Dalbergia sp.nr.macrosperma ILDIS
Acetobacter (subgen.Acetobacter) | aceti SP2K
Zornia ?gemella CNIP
Trachypogon Ness. CNIP

Table 10 — Examples of use of invalid characters fo  und in databases tested
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Scientific names with invalid characters in theefdatabases tested (excluding the
control database) were dynamically filtered froma torking tables at the execution of

the second round of tests using the following fiorct

function charerror(nome:string):boolean;

const

caracters:string ="' ?2,.<>:"[I{}\+=_)(*&%$4@!";
var

irinteger;

Begin

charerror := false;

Fori:=0to 26 do

Begin

if pos(caracters[i],nome)>0 then charerror:= true;
end;

end;

This algorithm assumes that any characters ndtarspecified list is valid, and thus it
might need re-implementing if a different or largbaracter set, such as Unicode, is
used. A specific application was developed in otdequantify the structural errors,
specifically the presence of invalid characterthangenusor speciedields, for the five
working tables. The application generates a lis18 names with invalid characters

found in the five databases (Appendix ).

Database No. of names with invalid

characters
Atlantic Rain Forest 64
North-east checklist 43
ILDIS 134
Marine Invertebrates 67
Species 2000 5

Table 11 — Number of scientific names with invalid characters found in the databases

The most frequent invalid character found was thull stop), which was present in
254 of 313 returned names from all the five databashe ‘.’ (full stop) character is
frequently associated with notationschsaff., andsp, denoting uncertain or unfinished

classification of certain taxa.
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The presence of numbers was detected in 58 of &dt®es, associated with thp.

notation, usually denoting undescribed or undeteechispecies.

The presence of invalid characters in gle@usname was almost restricted to the
characters ‘(* and ), as result of tikemain schizophreniarror pattern (see section
6.2.5), caused mostly by a poor data model anddhsequent necessity to
accommodate more than one name element in a gialgléfor example: Balanus

(Megabalanus)and “Holothuria (Lessonothurid).

7.4. The algorithms

A number of different types of algorithms were atto#n order to evaluate their
performance in handling error detection in sciégntibmes. These algorithms can be
separated into two main categories: phonetic siitylalgorithms and plain string

similarity algorithms.

7.4.1. Phonetic similarity algorithms

Phonetic matching is used to identify strings thal be of similar pronunciation,
regardless of their actual spelling. A typical apgtion is a “white pages” enquiry line,
where a telephone operator is verbally given a ngmesses at the spelling (or is
provided with a spelling, which may be incorreand uses the guess to query a
database of names. The phonetic matching systemthasfind in the database those
strings most likely to be of the same or similasmunciation to that of the query. Since
there is no reliable way of automatically determgithe pronunciation of a string in the

English language, such matching must be inexadi€and Dart, 1996).
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Phonetic similarity algorithms, also known as phianenatching techniques, encode
strings of letters (hames) according to their picrsounds, where the word “phonetic”
refers to spoken sounds and not to the spellimgonfls. Names that share the same

phonetic codes are assumed to be phoneticallyasimil

The Soundex algorithm

The Soundexalgorithm has been used since the start of thetieth century to retrieve
names based on pronunciation rather than speltimgs originally developed to search
for names in the 1890 USA census filBsundexndexes to the U.S. Census were
compiled in the 1930s because wide-spread missgsltiaused difficulties for the
Social Security Administration in matching namegpefsons applying for old age

benefits who had no birth or other proof of agerds (Roughton and Tyckoson, 1985).

The original Soundex algorithm was patented by MeegO'Dell and Robert C. Russell
in 1918. The method is based on the six phonaigsdications of human speech
sounds (bilabial, labiodental, dental, alveolatakeand glottal), which in turn are based

on where you put your lips and tongue to make thmdgs.

Soundex uses codes based on the sound of eachddttenslate a string into a

canonical form of at most four characters, presgythe first letter.

The Soundex algorithm can be described by theviatig outline:

1) Retain the first letter of the name, and drop etiwrences of a, e, h, i, 0, u, w,

and y in other positions.
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2)

3)

4)

Assign the following numbers to the remaining lettafter the first:

1. b,f,p,v

2. ¢,0,j,k0g,5,x%,2

3. d,t

4. 1

5. mn

6. r

If two or more letters with the same code were @ljain the original name,
omit all but the first.

Convert to the form letter, digit, digit, digit @adding trailing zeroes if there are

less than 3 digits already, or by truncation ifréhare more than 3.

For examplereynoldandrenauldare both reduced t&43, but, more commonly,

Soundex makes the error of transforming dissingtarnding strings such aatherine

andcotroneoto the same code, and of transforming similar-dowmnstrings to different

codes. There is no ranking of matches: stringe#her similar or not similar.

The Phonix algorithm

ThePhonixalgorithm was developed to be used as a retrwahetic technique with

the URICA library package, on bibliographical datsbs (Gadd, 1988; 1990).

The Phonix algorithm is Soundexariant. While Soundex’s phonetic property is

restricted to the collection of similar soundingnsonants into different classes, the

algorithm for computing the Phonix codes uses ettlaubstitution rules (Pfeifet

al., 1996).
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Letters are mapped to a set of codes using the ablynethm, but a slightly different

set of codes is used, and prior to mapping abdbiiet6er-group transformations are

used to standardise the string. For example, theesed]V (where V is any vowel) is

mapped taechVif it occurs at the start of a string, axd transformed tecs These

transformations provide context for the phonetidiog and allow, for example,ands

to be distinguished. The Phonix codes are showowbel

The categories 1 — 6 &honixare basically the same as those used in the Spunde

algorithm, except that some letters from categdtiaad 2 are put into the new Phonix

categories 7 and 8.

Phonetic Substitutions
(The string SUB replaces the specified letters ¢banthe START, MIDDLE or END
of the word)
SUB START MIDDLE END
G DG DG DG
KO CO CO CO
KA CA CA CA
KU CU CU CU
S CY CY CY
SE CE CE CE
KL CLifCLv
K CK CK CK
K GC
K JC
KR CHR if CHRv
KR CRif CRv
R WR
NK NC NC NC
KT CT CT CT
F PH PH PH
AR AA AA AA
SH SCH SCH SCH
TL BTL BTL BTL
T GHT GHT GHT
ARF AUGH AUGH AUGH
LD LJ if vLIv
LOW LOUGH LOUGH LOUGH
KW Q
N KN
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N GN
N GHN GHN GHN
N GNE
NE GHNE GHNE GHNE
NS GNES
N GN
N GN if GNc GN if GNc
S PS
T PT
C CZ
Z WZ if WNZ
CH Cz
LSH LZ LZ LZ
RSH RZ RZ RZ
S Zif2v
TS 7 7 7
TS ZifcZ
REW HROUG HROUG HROUG
OF OUGH OUGH OUGH
KW Q if vQv
Y Jif viv
Y YJif YIv
G GH
E GH ifvGH
S CY
NKS NX NX NX
F PF
T DT
TIL TL
DIL DL
ITH YTH YTH YTH
CH TIif TV
CH TSI IF TSV
T TSif TSy
CH TCH TCH TCH
VSKIE WSK if WSK WSK if WSK
N MN if MN v
N PN if PNv
SL STL ifvSTL STL if vSTL
ENT TNT
OH EAUX
ECS EXCI EXCI EXCI
ECS X X X
ND NED
DR JR JR JR
EA EE
S ZS ZS ZS
AH R if vVRc R if vRc
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AH HR if VHRc HR if vHRc
AH HR if vHR
AR RE
AH RifvR
LE LLE LLE LLE
ILE LE if cLE
ILES LES ifcLES
null E

S ES
AS SS ifvSS

M MB if vMB
MPS MPTS MPTS MPTS
MS MPS MPS MPS
MT MPT MPT MPT

Where v = vowel and c= consonant

= Key format: Annnnnnn, whenmerepresents a numerical value from 1 to 8 :
defined by Table 13 below ardis the first character of the name AFTER t

= Vowels a, e, i, 0 and u are ignored
= Consonants y h and w are ignored
= The second of any successive identical charactegsored
= Non alphabetical characters are ignored
= Key length: 7 significant consonants

phonetic substitutions have been completed

S
ne

Table 12 — Phonix Phonetic Substitutions

The Phonix algorithm can be described by the falhgwoutline:

a) Perform phonetic substitutions (see Table 12);

1.

Only the specified characters are dropped, egvidreszowel is not
dropped in the substitution of ‘N’ for ‘PN’ whenN®¥’ is true;

The substitutions are applied in the specified Qrde

Process all occurrences of one substitution befeeeding to the next
substitution parameter;

The result of a substitution may create a new testymg for substitution

by subsequent parameters.

b) Retain the first character for the retrieval code.

c) Replace byv' if A E, I, O,UorY.

d) Where names end in ES, drop the E.
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e) Append an E where names endin A, I, O,UorY.

f) Drop the last character regardless.

g) Drop the new last character if not A, E, I, O, UYor

h) Repeat g) until a vowel (including Y) is found.

i) Repeat the next three operations for each remaatiatacter
1. Strip any occurrence of A, E, I, O, U, Y, Hand W.
2. Retain one of any successive duplicate consonants.
3. Replace the consonant by its numeric value (se&Ta).

J) Prefix the retrieval code with the retained firsaacter (may be &).

Numeric Character Values

1 3/4|5]6|7]8
B DILIM|R|F|S
P T N VX

Z

O X< @O

Table 13 — Phonix Numeric Character Values

Examples of the codes produced by the Soundex lodi¥algorithms are shown in

Table 14.

Soundex code Phonix code
macrocefalo M262 M526
macrocephalum M262 M526
malacophylla M421 M542

Table 14 — Examples of Soundex and Phonix algorithm s

107



7.4.2. String similarity algorithms

n-Gram

String similarity algorithms compute a numericdiraate of the similarity between two
strings.N-gramsaren-letter sub-sequences of words or strings, wheseusually one,
two or three letters. W is greater than h-grams may overlap, in other words a letter
may appear in more than one n-gram. If two strengscompared with respect to their
n-grams, the set of all possibtegramswill be calculated separately for each string.
Next, these sets will be compared, and the mageams occur in both of the sets, the
more similar the two strings are. Thegrammethod counts the numbermfyrams

which the two strings have in common, and calcslasmilarity coefficient

The general approach to this calculation of a sirtyl coefficient is performed by the
following equation, wher&l; andN, are then-gram sets of the two words to be

compared (Pfeifeet al, 1996):

similaritycoefficient:M
|N1 D Nz |

One parameter that has to be chosen is the lefngjtle o-gram. For the experiments,

two lengths of the-gram were testech = 2 (bigram), see Table 15, and= 3

(trigram).
li ic |ca |an |ni |ia [ly |yc |Similarity
coefficient
Licania |1 1 1 1 1 1 4 05
Lycania 1 (1 |1 |1 |1 |1 g

Table 15 — Example of a bi-gram similarity coeffici  ent calculation
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Levenshtein distance

The Levenshtein distance (LD) is a measure of itndagity between two strings,
which we will refer to as the source string (s) #meltarget string (t). The distance is
the number of single-character deletions, insestion substitutions required to
transform s into t. The greater the Levenshteitadise, the more different the strings

are. For example,

» If sis “test” and t is “test”, then LD(s,t) = Ogbause no transformations are
needed. The strings are already identical.
» If sis “test” and tis “tent”, then LD(s,t) = 1gbause one substitution (change

“s” to “n”) is sufficient to transform s into t.

The Levenshtein distance is named after the Russiantist Vladimir Levenshtein,
who devised the algorithm in 1965. If you can'tlspepronounce Levenshtein, the
metric is also sometimes called edit distance. O&wenshtein distance algorithm has

been used in:

= Spell checking

= Speech recognition

= DNA analysis

» Plagiarism detection

The Levenshtein distance algorithm can be desctigatie following outline:

a) Setn to be the length of s.
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Set m to be the length of t.
If n =0, return m and exit.
If m = 0, return n and exit.
Construct a matrix containing 0..m rows and O. lnwms.
b) Initialize the first row to 0..n.
Initialize the first column to 0..m.
c) Examine each character of s (i from 1 to n).
d) Examine each character of t (j from 1 to m).
e) If s[i] equals t[j], the cost is O.
If s[i] doesn't equal t[j], the cost is 1.
f) Set cell d[i,j] of the matrix equal to the minimuwh
The value of the cell immediately above plus 1:1d[j + 1.
The value of the cell immediately to the left plud][i,j-1] + 1.
The value of the cell diagonally above and to #feplus the cost: d[i-1,j-1] +
cost.
g) After the iteration steps (c, d, e, f) are compl#te distance is found in cell

d[n,m].

Example of Levenshtein Distance Algorithm

This section shows how the Levenshtein distancensputed when the source string is

“GUMBO” and the target string is “GAMBOL".
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Stepsa andb Stepsctofwheni=1

GUMBDO GUMBDO
01 2 3 4 5 01 2 3 4 5

G 1 G 10

A 2 A 21

M 3 M 3 2

B 4 B 4 3

O 5 O 514

L 6 L 6 5

Stepsctofwheni=2 Stepsctofwheni=3
GUMBDO GUMBDO
01 2 3 4 5 01 2 3 4 5

G 10 1 G 10 1 2

A 21 1 A 21 1 2

M 3 2 2 M 32 2 1

B 4 3 3 B 43 3 2

O 54 4 O 54 4 3

L 6 5 5 L 6 5 5 4

Stepsctofwheni =4 Stepsctofwheni=5
GUMBDO GUMBDO
01 2 3 4 5 01 2 3 4 5

G 10 1 2 3 G 10 1 2 3 4

A 21 1 2 3 A 21 1 2 3 4

M 32 2 1 2 M 32 2 1 2 3

B 43 3 2 1 B 43 3 2 1 2

O 54 4 3 2 O 54 4 3 2 1

L 6 5 5 4 3 L 6 5 5 4 3 2

Stepg

The distance is in the lower right hand cornehefmatrix, i.e. 2. This corresponds to
our intuitive realization that “GUMBO” can be trdosmed into “GAMBOL” by

substituting “A” for “U” and adding “L” (one subdtition and 1 insertion = 2 changes).

Skeleton-Key

Pollock and Zamora (Pollock and Zamora, 1984) prteska technique that is based on
the idea that the consonants carry more informahan the vowels. In contrast to

phonetic techniques, the Skeleton-key codes tirggdtased on the occurrence of the
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consonants, followed by the occurrence of the vewalther than complex substitutions

based on phonetic characteristics.

The Skeleton-key of a word consists of its firstde followed by the remaining
consonants and finally the remaining vowels, bathrder of appearance. This key

contains every letter at most once by eliminatingldates (Pfeifeet al, 1996).

Skeleton-key
Mobiliensi MBLNSOIE
Mobilinensis MBLNSOIE
Molibidensis MLBDNSOIE

Table 16 — Examples of Skeleton-key codes

7.5. Running the tests

7.5.1. Hardware and development environment

The following set of tools was developed usingBloeland® Delphi® 5.0 compiler,
Enterprise Suite version, build 5.62. The souraedor these tools is available from
the author on request. A third party string maragioh library was used. This library,

called TStringManage(tp://www.geocities.com/ericdelphi/StrMan.h)mas

developed by Eric Grobler and is freely availableise.

The Microsoft Visual FoxPro 7.0 © Database Managansystem was used for general

manipulation of DBF compatible tables and commamel bperations.

The hardware used to develop the tools and rutete was an IBM-PC compatible,

under the MS-Windows®© 2000 Professional operatysgesn.
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7.5.2. Error classification

As pointed out by Klein (2001), there are four plolesoutcomes in error detection

tasks:Hit, Miss, False alarmandNo action(see Table 17).

Behaviour of algorithm
Input data Error detected Error not detected
Error exists Hit Miss
Error does not exist False alarm No action
Table 17 — Outcomes in error detection tasks (Klein ~ , 2001)

Thus, an “appropriate algorithm” should be that aéch has the highest ratestofs

andno actionand, lower or nil rates délse alarmsandmisses

The missed errors problem

Since the errors present in the selected datalasesnot previously known, the
category of existing errors which were “missed” Idonot be detected by the detection
tool. Aiming to correct this deficiency at the expeent design, a tool was developed to
generate a control database to be added to theimgms with the previous five

selected databases, with the following arbitrargrahteristics:

* 500 scientific names
* names selected randomly from the 5 selected daabas

» similarity between the names (genus + specigsP using the bigram algorithm

After the database generation, 25 additional sifiemames were manually entered as a

copy of an existing correct scientific name witlrear more spelling errors, as follow:

Original name (correct) Manually entered name (error) DB source | Error type
Adenocarpus foliolosus Adenocarpus folioloso ILDIS MU
Aeschynomene katangensis | Aeschynomene katangienses ILDIS MU
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Alloiopodus pinguis Aloiopodus pinquis MARINE MU
Artediellus gomojunovi Artediellus gomoiunovi SP2K W
Cnemidocarpa bicornuata Cnemidocarpa bicornata MARINE EX
Mayaca aubletii Maiaca aubleti CNIP MU
Mayaca aubletii Maiaca aubletti CNIP EX
Nannoperca oxleyana Nanoperca oxleyana SP2K EX
Orthopappus angustifolius Orthopappus angustifolia PMA MU
Pallenopsis obliqua Pallenopsis oblicua MARINE W
Phractura longicauda Phractura longicaudata SP2K MU
Rhytachne subgibbosa Rhytachne subgibosa CNIP EX
Sparattosperma leucanthum | Sparattosperma leucanticum CNIP MU
Spilanthes acmella Spilanthes aquimella CNIP MU
Strychnos brasiliensis Strychnos brasiliense PMA MU
Swainsona cyclocarpa Swainsona ciclocarpus ILDIS MU
Synodontis budgetti Synodontis budgeti SP2K EX
Synodontis budgetti Synodontis budgetii SP2K W
Syzygium jambolanum Syzyguim jambolanum CNIP T

Tovomitopsis saldanhae Tovomitopisis saldanhai PMA MU
Vicia murbeckii Vicia murbecki ILDIS EX
Vicia sylvatica Vicia silvatica ILDIS W
Waulffia stenoglossa Wulfia stenoglosa CNIP MU
Zemysina globus Zerrysina globus MARINE MU
Zornia gemella Zonia gomela CNIP MU

Legend:

DB Source
ILDIS: ILDIS Database

MARINE: Marine Invertebrates of New Zealand Databas

SP2K: Species 2000

PMA: Atlantic Rain Forest Database
CNIP: North-east checklist Database

Error Type:
W: one wrong letter

T: transposition of two adjacent letters
EX: one extra letter or missing letter

MU: multi error

Table 18 — Spelling errors in the control database

The control database, with a total of 525 scientiames, including the 25 arbitrarily

selected misspelled scientific names listed in @4, was added to the experimental

procedures, in the same manner as the other figeted databases.

7.5.3. Algorithm Implementation Testing Tools

A first set of tools was developed with the objeetof checking the correct

implementation of the algorithms, using the ObJeascal Language, compatible with
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the Delphi compiler. Each algorithm was implemerdedh function and a simple
interface was developed in order to permit the irgfwne or two strings, to execute the

function and to show the result.

The first tool developedrol #1) was the one which tested the implementation ef th
phonetic similarity algorithms and the Skeleton Kégorithm. The Soundex and
Phonix algorithms were implemented in Object Padmaded on a implementation using

the C language, available on the Interneh#b://search.cpan.org/src/ULPFR/WAIT-

1.800/soundex.this implementation of the Phonix code was buakdd on the original
papers by Gadd (1988; 1990). The Skeleton Key implgation was built from scratch,
based on the definition of the algorithm publishgdPfeifer, Poersch, and Fuhr (1995;

1996).

Eduarda

Soudes Phaonis |

Key: EDRUAD

Figure 13 — Interface of the tool #1

A new version of th@ ool #1, called her& ool #2 was developed for the validation of
the implementation of the-gram algorithms 2-gram (“Bigram”) and3-gram
(“Trigram”). The implementation of the-gram algorithm was developed from scratch,
based on the definitions published by Pfedtal (1995; 1996) and Zamog al

(1981).
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.~ NGRamlGen =10 x|

IEduElfljl:l EDRLUALD

IEdWEI[IjD EDWRAD
Bigram 05

Trigrarm 025

Soundes

Phiorix

Figure 14 — Interface of the Tool #2

A different tool, calledlool #3 was developed in order to validate the implenteria
of the Levenshtein distance algorithm. The impletagon of the Levenshtein distance
algorithm was based on the Delphi implementatiolwaro Jeria Madariaga, freely

available ahttp://www.merriampark.com/Iddelphi.htm

=10] x|

IEduardD

IEu:Iwan:I

Figure 15 — Interface of the Tool #3

7.5.4. First round of tests

The first round of tests consisted of developind amning specific tools over the

selected datasets in order to establish a firduatian of the performance of the tools,
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the methodology adopted and the experiment designvehole. The following Figure

16 summarizes the schema for the first round aftes

First
Original CSV ASCII > Spreadsheet »  Round le
Databases Report files Files Results
'

y

A

Working » MS FoxPro Spree}dsheet
Files
Tables
A
TFeeder Name-matches ErroriD .| CSV ASCII
v.l table v.1 v.1 Report files
(tests.dbf)

Figure 16 — Schema for the first round of tests

Spelling Error Detection Tool

Considering that the implementations of the al@ppong were returning the expected
results, a first version of a tool call@@eederwas developed. This version of the
TFeederwas set up to receive the directory path to thal@dese and the selection of the

tests.

In the case of the-gram test, two values for the parametevere chosem=2 for

bigram anch=3 for trigram) because, according to Zametral (1981), bigrams and
trigrams achieve the best results in retrievingdsaimilar to a given word. Therefore,
the detection tool was set up to detect plain gtsimilarity based on the-gram

algorithm usingh=2 (bigram) anah=3 (trigram). After considering various approaches
by developing tools and running preliminary tetisee different approaches for the use

of thesen-gram tests were chosen for further investigation:

117



1. The *2" approach
The-2 approach can be represented by the following steps
a. Merge the genus and species strings of the saenafme #1
b. Merge the genus and species strings of the saentame #2
c. Calculate the number of exclusimeggrams

d. List the pair if the number of exclusimegrams< 2

2. The “1" approach

The-1 approach can be represented by the following steps
a. Merge the genus and species strings of the saenafme #1
b. Merge the genus and species strings of the saentame #2
c. Calculate the number of exclusimeggrams

d. List the pair if the number of exclusimegrams< 1

3. The “1.5” approach (15)

The 1.5 approach can be represented by the folipatieps:
a. Calculate the similarity index between the genusgs of the scientific
names #1 and #2
b. Calculate the similarity index between the spesteasgs of the scientific
names #1 and #2

c. List the pair of names if the sum of the similaiitgexes> 1.5
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These approaches were used with both the bigrantrignam algorithms, to generate
six variant algorithms, as follows: 2-gram -1, 2uvgr—2, 2-gram 1.5, 3-gram -1, 3-

gram —2 and 3-gram 1.5.

% =101 %]

Test Options

9

Soundex
Phanis
2-gram [-2]

2-gram [-1]
2-gram15
3-gram [-2]
3-gram [-1]
J-gram15

I R I R R N B B

Skeleton

DE path

Ok

Figure 17 — Interface of the TFeeder tool, version 1

Version 1 of thelFeedertool was set up to generate a different reporetarh working
database table, in a CSV ASCII File, and populamgle flat file tabletests.dbf, one

for each working table (taxonomic database) andlys#th the names detected by the

algorithms.

Name Type Width | Description

GENUS1 Character 35 | Genus of 1¥ scientific name
SPECIES1 |Character 35 | Species of 1% scientific name
GENUS2 Character 35 | Genus of 2™ scientific name
SPECIES2 |Character 35| Species of 2™ scientific name
CLASS Character 5 | The classification of the Error
2GRAM1 Character 5 | Flag for the 2gram -1 test
2GRAM2 Character 5 | Flag for the 2gram -2 test
2GRAM15 | Character 5 | Flag for the 2gram 1.5 test
3GRAM1 Character 5 | Flag for the 3gram -1 test
3GRAM2 Character 5 | Flag for the 3gram -2 test
3GRAM15 | Character 5 | Flag for the 3gram 1.5 test
SOUNDEX | Character 5 | Flag fort Soundex test
PHONIX Character 5 | Flag for Phonix test
SKELETON | Character 5 | Flag for Skeleton test

Table 19 — The structure of the table

tests.dbf
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genus1, species1, genus2, species?, error, soundex, skeleton, 2gram1, 2gram2, 3gram1, 3gram2
Beilschmedia,emarginata,Beilschmiedia,emarginata,,Y,Y,,Y,,
Beilschmedia,taubertiana,Beilschmiedia,taubertiana,,Y,Y,,Y,,
Brosimum,glaziovi,Brosimum,glaziovii,,Y,Y,Y,Y,Y,Y
Calymperes,lanchophyllum,Calymperes,lonchiphyllum,,Y,,,,,
Cecropia,glaziovi,Cecropia,glaziovii,,Y,Y,Y,Y,Y,Y
Chomelia,estrelana,Chomelia,estrellana,,Y,Y,Y,Y,,Y
Eugenia,tinguiensis,Eugenia,tinguyensis,,Y,,,Y,,
Geonoma,blanchettiana, Gouania,blanchetiana,,Y,,,,,
Inga,lentiscellata,Inga, lentiscifolia,,Y,,,,,
Jacaranda,macrantha,Jacaranda,micrantha,,Y,,,Y,,
Leandra,cf.gracilis,Leandra,cf.sylvestris,,Y,,,,,

Example of the CSV ASCII file generate by the TFeed er
The CSV ASCII file was imported to a spreadsheetnetihe features of indexing,

counting and filtering were used to produce th&t favaluations of the tests.

Spelling Error Classification Tool

A first error identification tool was developedander to classify the errors. The
Errorld v.1 was set up to work together with tlests.dbtable, generated by the

TFeederv.1 tool and set up to classify the errors ine fibllowing categories:

1) Single errorsKit)

a) One extra or one missing lettafi¢ia faba: Vicia fabbg

b) One wrong letter\(icia faba: Vicia fadg

c) Transposition of two adjacent lettek&¢ia faba: Viica fabg
2) Multiple errors Hit)

a) More than one “single errorVfcia faba: Viica fabbg
3) Unrelated false alarm)

a) Different species epitheV(cia faba: Vicia allata)

b) Different genusVicia glauca: Acacia glauca
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4) Uncertainty @oub)
a) Uncertainty between unrelatefdlée alarm) and “Multiple error”
(Lysiloma latisiliqua: Lysiloma latisiliquuny*
5) Structural errd?®
a) Presence of “invalid characteDélbergiasp.1 xDalbergia

sp.nr.macrospernma

% =101 ]

Beilzchmedia emarginata =
Beilzchmigdia emarginata

Beilzchmadia taubertiana

EBeilzchmiedia taubertiana

Calymperes lanchophyllum

Brosimum glaziovi Calymperes lonchiphyllum
Braozimum glaziavii

Calpmperes lanchophyllum
Calyrmperes lonchiphyliurm

HMulti ‘

U-DG Doubt ‘

DE path: CADBeATFe A tpmat

Figure 18 — The Errorld V.1 interface

TheErrorld tool was designed to classify automatically adl #ingle errors and
structural errors, but to interact with the usecase omultiple errors false alarmsor
doubt The following set of rules was chosen to classifyerrors following Damerau

(1964), as far as possible:

1) If the difference in the lengths of the genus gsirs greater than 8alse alarm

involving different genus strings (U-DG)

! This specific example can be also a specialized kind of error in the taxonomic domain, called
“gender error”
?* See section 7.3.3
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2) If the genus strings are identical but the diffeeem the lengths of the species
strings is greater than false alarminvolving different species strings (U-NE)

3) If the difference in the lengths of the genus acgs strings is equal to 1, check for
theextra/missing letteerror (E)

4) If the genus and species strings have the saméhlertgeck for theransposition
error (T) and thewrong lettererror (W)

5) If none of the preceding rules applies to the pascientific names, then present a
interactive interface for the user to classify tyyge of error, with the addition of the
optionsmulti-error — more than one single error, atmlibt— a error that cannot be

classified as one of the errors mentioned above.

TheErrorld tool also updates the taliksts.dbfwvith the error classification and

generates a CSV ASCII file report, as shown below:

genus1, species1, genus2, species2, error, soundex, skeleton, 2gram1, 2gram2, 3gram1, 3gram2, phonix, 2gram15, 3gram15
acanthochitona,zelandica,acanthochitona,zelandicus,D,,,,.,,,,,
Acitellina,urinatoni,Acitellina,urinatoria,D,D,D,,D,,,D,D,D
Acitellina,urinatoni,Ascitellina,urinatoria,D,D,,,,,,D,,
Acitellina,urinatoria,Ascitellina,urinatoria,E,E,,,E, ,E,E,E,E
Actaecia,euchroa,Actaecia,eughroa, W,W,,,W,,,W,W,
Actaecia,euchroa,Actoecia,euchiroa,M,M,,,,,,M,,
Actaecia,eughroa,Actoecia,euchiroa,M,M,,,,,,M,,
Adelasca,jogalga,Adelascopora,jegolga,U-DG,U-DG,,,,,,U-DG,,
Adelasca,jogalqa,Adelascopora,jeqolga,U-DG,U-DG,,,,,,U-DG,,
Adelascopora,jegolqa,Adelascopora,jeqolga, W, W,,,W,,,W,W,
Aeneator,valedicta,Aeneator,valedictus,D,D,,,D,,D,D,D,D
Aglaophamus,macoura,Aglaophamus,macroura,E,EE, E,, E,E,
Aglaophamus,macoura,Aglaophamus,macrura, W,W,,,W,,,W,W,
Aglaophamus,macroura,Aglaophamus,macrura,E E, E,E,,E E,E,
Aglaophamus,verrilli,Aglaophamus,verrillii,E,E E,E,E E,E,E,E,E

Example of the CSV ASCII file generate by the  Errorld tool

The assessment of the first round of tests

At the end of the first round of the tests somectagions were made:
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1. The process of importing the reports on CSV fitespgreadsheets, one
spreadsheet to each different working table, amijube spreadsheet as a
analysis tool, could be improved with the use efrgle table to store all the
names detected in all tests and for all databas¢sd;

2. Some implementations of the algorithms should demped in order to reduce
the time taken by the test with the large datab&&iese each name in a
database is compared to all other names pres#m ilatabase, except with
itself, the number of comparisons performed bydéection tool is represented
by (number of names x number of nameg-2 (Table 20). Because of the large
number of comparisons, the Species 2000 databstseotddd not be completed

in the first round, with the test interrupted affedays running.

Database No. of unique No. of comparisons
combinations performed by detection
of genus + species tool
Atlantic Rain Forest 1,802 1,622,701
Northeast checklist 7,691 29,571,895
ILDIS 15,616 121,921,920
Marine Invertebrates 6,745 22,744,140
Species 2000 26,850 360,447,825
Control Database 525 137,550

Table 20 — Number of comparisons performed by thed  etection tool

3. The “Doubt” error classification was not representethe four possible
outcomes in error detection tasks (see Table 171118), pointed out by Klein

(2001) and adopted in this thesis as a standarithéatiests.

7.5.5. The second round of tests

A second round of tests was defined to overcom@ihlelems detected during the first

round.
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Second
Original Spreadsheet » Round
Databases Files Results

A

Working » MS FoxPro
Tables
A
BT _[Name-matches .| ErrorlD
V.2 ” table v.2 " V.2
(tests2.dbf)

Figure 19 — Schema for the second round of tests

The second round of tests (Figure 19) was impraovidld a better methodology to
handle and analyze the results, as a consequettice iofiprovement of the previously

developed tools with the following characteristics:

Spelling error detection tool

The new version of thEFeedertool was developed with two main improvements:

1. Improved implementation of the algorithms for fpscessing;

2. A new structure for the name-matches tatdsté2.dbf)n order to store the
pairs of scientific names and all the other attelsuwvhich permit the later
performance analysis of the tests from a singla datirce. The new table was
created as a DBF compatible file in order to madssjble the execution of
quick analyses, based on the command line envirohofehe Microsoft Visual

FoxPro 7.0 © Database Management System.
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Name Type Width | Dec | Description

GENUS1 Character 30 Genus of 1st scientific name

SPECIES1 Character 30 Species of 1st scientific name

GENUS2 Character 30 Genus of 2 scientific name

SPECIES?2 Character 30 Species of 2nd scientific name

SIM_G_2G Numeric 12 10 | Similarity index between genus for bigram

SIM_S_2G Numeric 12 10 | Similarity index between species for bigram

SIM_GS_2G | Numeric 12 10 | 2 of genus similarity index for bigram

SIM_G_3G Numeric 12| 10| Similarity index between genus for trigram

SIM_S_3G Numeric 12 10 | Similarity index between species for trigram

SIM_GS_3G | Numeric 12 10 | Z of genus similarity index for trigram

SNDX_G1 Character 6 Soundex code for genus of 1st scientific name

SNDX_S1 Character 6 Soundex code for species of 15t scientific name

SNDX_G2 Character 6 Soundex code for genus of 2d scientific name

SNDX_S2 Character 6 Soundex code for species of 2d scientific name

PHX_G1 Character 15 Phonix code for genus of 1st scientific name

PHX_S1 Character 15 Phonix code for species of 1st scientific name

PHX_G2 Character 15 Phonix code for genus of 2nd scientific name

PHX_S2 Character 15 Phonix code for species of 2" scientific name

SKL_G1 Character 20 Skeleton code for genus of 1st scientific name

SKL_S1 Character 20 Skeleton code for species of 1st scientific name

SKL_G2 Character 20 Skeleton code for genus of 2nd scientific name

SKL_S2 Character 20 Skeleton code for species of 2nd scientific name

LV_DIST Numeric 2 Levenshtein distance between 1st scientific name and 2
scientific name

G2 Logical 1 Bigram test flag

G3 Logical 1 Trigram test flag

SNDX Logical 1 Soundex test flag

PHX Logical 1 Phonix test flag

SKL Logical 1 Skeleton-key test flag

LV Logical 1 Levenshtein distance test flag

CNIP Logical 1 North-east checklist database flag

PMA Logical 1 Atlantic Rain Forest database flag

ILDIS Logical 1 ILDIS database flag

SP2K Logical 1 Species 2000 database flag

MARINE Logical 1 Marine Invertebrates database flag

CTRL Logical 1 Control database flag

ER Character 5 Error type

POS Character 1 Error position (genus or species)

LT Character 10 The letters affected in the error

Table 21 — The TFeeder v.2 name-matches table struc ture

At this stage, the Levenshtein algorithm was addedtie set of algorithms used on the
tests. Since the results from all algorithms ahdatiabases (working tables) were now
stored in a single table, a new interface was lbaidiccommodate the exigencies of this

new version.
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=
Test Options CE
[ Soundes = CMIP
I_ Phl:lrliH f"" PM.":".
[ Skeleton ~ ILDIS
[ Z-gram
? 5P
[ 3F-gram
" MARIME
[ Levenshtein
" CTRL
[ Unaccepted char
Ok
=
DB path: Clear

Figure 20 — Tfeeder v.2 interface

For algorithms based on character encod8mufdex, PhoniandSkeleton Key the

TFeederv.2 tool observes the following outline:

a) Select a scientific namgénus + specigdrom the given database and store the
position

b) Calculate the codespundexPhonixor Skeletoh for genus(gl) andspecieqsl)

c) Select the next scientific name

d) Calculate the code&spundexPhonixor Skeletoinfor genus(g2) andspeciegs?2)

e) If g1 = g2andsl = s2then store the pair of scientific names in the @anatches
table

f) Repeat steps, d ande until the end of the given database

g) Return to the position previously stored

h) Select the next scientific namgefius + specigdrom the given database

1) Repeat all the steps until the end of the givealozte
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For plain string similarity distance-<{gram), the detection tool observes the following

outline:

a) Select a scientific namgé€nus + specigdrom the given database and store the
position

b) Select the next scientific name

c) Calculate the index of similarity betweganus(gis) andspeciegsis)

d) If gis +sis> 1.5 then store the pair of scientific names inrtame-matches table

e) Repeat stepls, c andd until the end of the given database

f) Return to the position previously stored

g) Select the next scientific namgefius + specigdrom the given database

h) Repeat all the steps until the end of the givealukte

The limit of 1.5 as the minimum similarity (ste@nd corresponding to tla@proach
1.5cited on pg. 118) was established because it gporels to the case where a
minimum of 50% of thea-grams present in one of the name elemegesi{sor specied

are shared by both names.

The choice of the approadh5 of then-gram tests was reinforced by the preliminary

analysis of the first round of tests, which showfed example, that this approach had

the best average percentagdits of the total detected names (Figure 21).
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% hits of total detected names
50
45
40 A
35 A - _
30 - B
25 A
20 -
15 1
x| - o
10 1
5 4
0] soundex | skeleton | 2graml | 2gram2 | 3graml | 3gram2 | phonix |2graml5 |3graml5
= PMA 13.64 10.23 6.82 13.64 3.41 6.82 13.64 13.64 12.50
mEm CNIP 6.94 3.23 3.71 9.19 0.98 3.71 7.23 8.99 6.94
CILDIS 0.25 0.07 0.17 0.47 0.04 0.17 0.28 0.46 0.36
[ MARINE | 30.00 19.59 17.93 33.03 4.28 16.83 31.72 33.79 22.90
—¥—average | 12.71 8.28 7.16 14.08 2.17 6.88 13.22 14.22 10.67

Figure 21 — First round test analysis: number of re  al errors ( hits) as a percentage of the
total numbers of returned name pairs, by algorithm

For theLevenshtein distancéhe detection tool observes the following outline

a) Select a scientific namgé€nus + specigdrom the given database and store the
position

b) Select the next scientific name

c) Calculate the distance between the corresporgings(gd) andspecieqsd) parts
of the two names

d) If gd +sd< 4 then store the pair of scientific names and theesaofgd + gsin the
name-matches table

e) Repeat stepls, c andd until the end of the given database

f) Return to the position previously stored

g) Select the next scientific namgefius + specigdrom the given database

h) Repeat all the steps until the end of the givealukte
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The limit of 4 as the maximum distance betweersthentific names was defined
considering that Damerau (1964) found that appraxéty 80% of all misspelled words
contained a single instance of one of the followfimgy error types: insertion, deletion,
substitution, and transposition. A Levenshteinatiste of 4 would occur, for example, if

there was a transposition in both the genus namepecific epithet.

Spelling error classification tool

The new version of thErrorld tool was developed to scan the new name-matches
table, fed by the TFeeder v.2, and to classify gmshof names using the same
combination of automatic and manual methods inéostiime categories of errors as the
first version and following the same set of rulesg pg. 120), except for the absence of
the “Doubt’ category as a possible option at the interaatlassification interface,
excluded as a classification option for the tes@lnge it was not represented in the four
possible outcomes in error detection tasks (se&Tah pg. 113), pointed out by Klein

(2001) and adopted in this thesis as a standarithéatiests

_* Enordd =1o] x|/
|
] - - =
Huptis lantanasfolia Hyptis latifolia
Hyptis platanifolia Hyptis vitifolia

Hyptiz lantanifalia
Huyptiz latifolia

L ] M€ |
Hyptiz lantanifolia \
Hyptiz platanifolia FalG Fulti-G
H_I,th!s Iatifolie_i . Dol MuliGE
Huptiz platanifalia
Huyptiz latifolia Q
Huptis vitfolia S

DE path; C:MPHDYFinals

Figure 22 — Interactive interface of the error clas  sification tool
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The type of error for each pair of names was storede appropriate field in the name-

matches table for later analysis.

The error classification tool was also designedi¢émtify in which part of the name the
error occurred and the position of the error (gespscies or both), and these were

stored in the proper field in the name-matchesetabl

The name-matches talikst2.dbfthat was populated by the spelling error detechioth
classification tools described above contains éselts which are analyzed below. This

table is available from the author on request.

A set of programs was developed in the XBASE laggussing Microsoft Visual

FoxPro 7.0 © in order to analyze ttests2.dbhame-matches table and produce a set of
reports. These ASCII File reporiBppendix Ill) were used as input to MS-EXCEL®©

which was used to compile the final analysis oftdsts and produce figures and

graphics.

The analysis of the results of the experiments balpresented in a graphical form,

followed by appropriate comments.
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7.6. Results

7.6.1. Preliminary analysis of name-matches table

Spelling errors
After the tests, the name-matches table contaiaggi5 pairs of names where 998 pairs
of names were classified as “hits” and 50,647 palirsames was classified as “false

alarms”, which represents 98.1% of all pairs of rametected by the tests (Figure 23).

Number of hits vs. Number of false alarm

998

50647

W Total number of hits O Total number of false alarms

Figure 23 — Total number of “hits” vs. total number of “false alarms” in the name-
matches table after the tests
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Figure 24 shows the distribution of the types obex in the total number of “hits”.

Hits by type of error

54

276

O Extra/Missing B Transposition O Wrong O Multi-error

Figure 24 — Number of “hits” classified by type of error

7.6.2. Error rates in databases

All the five tested databases showed possibleisgadkrors in scientific names, as
shown in Figure 25 and Figure 26, which includeta “hits” detected by one or more
of the algorithms. The Marine Invertebrates of N&saland Database showed a
particularly large percentage of wrong names, empthby the process of construction

of the database, from free text with no data quatlintrol at data entry.
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no. of hits for database
800
700 | 687
600 |
T CNIP
500 |
O PMA
400 gILDIS
300 O SP2K
B MARINE
200 1 134
92
100 | 47
13
0
hit
Figure 25 — No. of “hits” for the test databases
% of wrong names in databases
6
5.09
5 |
4 _
S 3
2 |
1 0.87
0.36 0.29 0.09
0 ] 1 —
CNIP PMA ILDIS SP2K MARINE

Figure 26 - % of wrong names in the test databases 2

An unexpectedly large number of false alarms wasatied in the ILDIS database

(Figure 27) which can be explained by the large Imemof scientific names which

3 Assuming one name of the detected pair is correct and the other name is a misspelling error
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belong to each genus, in other words, it is a @elwith a restricted taxonomic

domain (Figure 28), increasing the average sintylari names.

no. of false alarms for databases
35000
33086
30000 -
25000 -
O CNIP
20000 - E PMA
OILDIS
15000 - 14015 0O SP2K
B MARINE
10000 A
5000 -
2508
1085
143
0 |
false alarms
Figure 27 — Number of “false alarms” for the testd  atabases
names:genus ratio
25.00
21.78
20.00 -
O CNIP
15.00 7 B PMA
O ILDIS
10.00 A O SP2K
E MARINE
5.09 497
5.00
2.63 235
0.00
names:genus ratio

Figure 28 — Ratio of the number of scientific names per genus for the test databases
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7.6.3. Performance of the algorithms

Figure 29 shows the number of “hits” detected gheslgorithm tested. The name-

matches table contained a total of 998 pairs @dific names that were classified as

“hits”.
Total number of "hits" by algorithm
1200
998
1000 -
839
| 786
800 735 O Bigram
B Trigram
599 O Soundex
600 1 )
O Phonix
H Skeleton
200 | 383 @ Levenshtein
200
0
Total number of "hits"

Figure 29 — Total number of “hits” detected by each algorithm

Figure 30 shows the number of “false alarms” detdtty each algorithm tested. The
name-matches table contained a total of 50,648 paiscientific names that were

classified as “false alarms”.
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Total number of false alarms by algorithm
45000
40000 - 38152
35000 1
@ Bigram
30000 o B Trigram
0O Soundex
25000 - O Phonix
20000 | B Skeleton
@ Levenshtein
15000 ~
11123
10000 ~
5000 | 3224 4273
1381
49
O .

Figure 30 — Total number of false alarms detected by each algorithm

Figure 31 shows the relationship between the péages of “hits” and “false alarms”
and indicates that tHeevenshteiralgorithm was the only one to detect all pairs of

names considered as a “hit".

% hits x % false alarm
100.00
100
9 1 84.07
] 78.76
80 + 73.65 - 75.33
70 +
60.02
60 — X
1% of hits
X 50 T % of false alarm
20 L 38.38 ’s —— Ratio
30 |
21.96
20 +
15
10 + 6.37 8.44
2.73 [1 o
.84 1; .
- 2.31 0.13
& o Q N
'@é{\ \%&@ sF Q“OQ\ & &
Q
2 N P ¥ AQ’Q
N3

Figure 31 — Relationship between % of hits and % of  false alarms by algorithm
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However, thd_evenshteiralgorithm presents a high rate of “false alarnasitl was
responsible for 68.35% of the “exclusive false misit (which were detected only by

one of the algorithms, in this case ttevenshteiralgorithm), as showed in Figure 32.

% of "exclusive" false alarms from total false alar ms
80
70 4 68.350
60 +
50 A O Bigram
W Trigram
® 40 4 O Soundex
O Phonix
30 A B Skeleton
@ Levenshtein
20 1 16.254
10 +
3.520
0892 0000 0.002
0

Figure 32 — Percentage of “exclusive” false alarms by algorithm

Percentage of Hits by Algorithm

100
88.7

80 -
70 -
60 -
50 -
40 -
301 L0
20 - 14.7
i 6.6
10 25

0 ] —

30.3

Bigram Trigram Soundex Phonix Skeleton Levenshtein

Figure 33 — Percentage of detected pairs which are  “hits”, by algorithm
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Despite the high probability of detecting a hitwsfdoy the Skeleton Key algorithm

(Figure 33), its efficiency is the worst, detectmgy 38.4% of the hits (Figure 31).

The Levenshtein algorithm test shows that the iefficy of the algorithm, in terms of

the number of errors detected, has a strong rakttip with the value of distance.

% of hits and false alarm by distance
98.8 100.0
100.0 934
90.0
80.0 - 75.3
70.0
63.1
60.0
o
e 500 B % hits
0O % false alarm
40.0
30.0
20.0 A 15.6
10.0
0.0 2.3
0.0 |
1 2 3 4
Levenshtein distance

Figure 34 — Relationship between the Levenshtein di  stance and the efficiency of the
algorithm

Figure 34 shows that when the value of the Levamsidistance equals 1, there are no
false alarms but only 63.1% of the total of hitggveaught in this configuration.
Configured to a Levenshtein distance equal to | #venshtein algorithm was able to
catch 93.4% of all hits, with the rate of 2.3% eturned false alarms. With the distance
set to 3, the algorithm caught 98.8% of the toiial but returns 15.6% of the false
alarms. At distance 4, the number of false alaumypjs to 75.3% while the number of
hits rises by a mere 1.2%. The figures suggestliealt evenshtein algorithm,
configured to the distance value of 4, associatihl avefficient algorithm to

automatically detect and filter the false alarmdwebur, can be used with 100%
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efficiency to detect spelling errors of scientifiames, at least under the conditions

tested.

7.6.4. Precision and Recall

The discovery of spelling errors in a database&agous to the retrieval of desired
records or documents from a database by meansoffiggl queries or search terms.
Retrieval system evaluation plays an important mol@dging the efficiency and
effectiveness of the retrieval process. Sever&int evaluation criteria, deemed most
critical to the user population, have been ideadifin retrieval research; namely, recall,
precision, effort, time, form of presentation amderage. Among them, recall and

precision have received the most attention initeegture (Raghavaet al, 1989).

Recall is the proportion of the relevant documevtigch are retrieved, defined as the
ratio of the number of relevant documents thatrengeved to the total number of
relevant documents. Precision is the proportiothefdocuments retrieved which are
relevant, defined as the number of relevant docusrertrieved divided by the number
of retrieved documents. In particular, a recallgw®n graph is often used as a
combined evaluation measure of retrieval systehmsysg recall and precision on tike
andy axes. Such a graph, given an arbitrary recalltpoan tell us the corresponding

precision value (Raghavaat al, 1989).

For the purpose of evaluating the performance @flgorithms, we adapt the original

definitions ofPrecisionandRecallto be used in these tests as follows:
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ConsideringPrecisionas:

Numberof pairsof " hits' retrievedby thealgorithm

Totalnumberof pairsretrievedby thealgorithm

And, considerindrecallas:

Numberof pairsof " hits' retrievedby thealgorithm

Totalnumberof pairsof " hits' in thedatabase

The performance of the algorithms can be summairiz€igure 35.
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Figure 35 — Summary of the algorithms’ performance

140

using Precision vs. Recall




Precision vs. Recall
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Figure 36 — Variation of Precision and Recall by similarity

In Figure 36, we can see the variation of perforoeaas the variation of similarity index
of bigramandtrigram algorithm, and the variation of the distance @ltbvenshtein

algorithm.
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7.6.5. Discussion of the results

As discussed at the beginning of this chapter, igdipeirpose spelling error detection
technigues (as used in spelling checker toolsyswally based on checking for the
existence of a given word in a “reliable sourceid &fficient techniques have been
devised for detecting strings that do not appeargiven word list, dictionary or
lexicon (Kukich, 1992). Spelling correction techués and tools go further: they both
detect misspelled words and try to find the mdslji correct word. This problem

contains elements of pattern recognition and cothegry (Peterson, 1980).

The approach used in the tests in this thesis septs a mix of detection techniques,
using the database or names list itself as a detiarthry; and correction techniques,
using similarity algorithms to detect scientificmes with a degree of similarity which

suggest a spelling error.

The lack of dependence on a “reliable source” asri@the approach the advantage of
an independent process, which can be executedbg-sione tools without a
dependence on external or third party data. Omther hand, this reduces the

information available to help correct the errortedeed.

The significant numbers of “false alarms” returtgthe tests, associated with the
algorithms that show the higher number of “hitsig{ire 31), suggest the necessity of
auxiliary processes or tools to minimize the newdtfiuman interaction” with the

returned names lists, in order to distinguish t@eune “hits”.
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Since 13.9% of false alarm behaviour was genetagatifferences in the generic
epithet, the association of these techniques wigiable lexicon, such as a reference
Genusdictionary for example, could minimize the “falskarm” behaviour, and thus

enhance the efficiency of these tools in practica.

In the year 2000 the International Plant Name In@exw.ipni.org) launched its
website with public access to its database, witle“access” to the database
implemented in 2004. Using the URL encoding method

(http://www.ipni.org/link_to_ipni.htnjla list of compete scientific names can be

checked for spelling errors against this reliakefemrence data dictionary. In order to
evaluate the access to the IPNI database usinglaedébding system in a DBMS
environment, an application was developed. AfM€& -» IPNI Checkool was developed
for the same environment described in section 7rbthis thesis. The function of this
tool was to check the scientific names presentsara.tdf* table against the IPNI

database, using the URL encoding technique.

ATF -> IPHI Check

[ £

Bombacopsiz stenopetala - OK

Bouszingaultia tucumanensiz brasiliensiz - OFK,
Brachymenium radiculozum - Mot Found

Bredemeyera autranii autranii - Mot Found

Bredemeyera laurifolia - OF,

Breutelia wainioi - Mot Found
Brozimurn glaziowi - Mot Found

Brozimunn glaziovii - OK

Brogimun guianense - OF

Brunfelsia brasiliensis braziliznziz - Mot Found

Brunfelsia hydrangaeformis hydrangaeformizs - Mot Found
Bryoptensz fiicina - Mot Found

Birpurn beyrichianum - Mot Faund

Buchenawia kleinii - Ok

Byrzonima laevigata - 0K

Byrzomma laxiflora - OF

Byrzonima myricifolia - 0K

Cabomba aquatica - OF :‘

Stop ‘

Checked

Figure 37 - ATF -» IPNI Check Interface

?* sam.tdi table is compatible with the Alice Transfer Format, cited in section 7.3.
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As can be seen in Figure 37, the Atlantic Rain Stodatabase was checked and, for
example, the tool was able to define the correstenbetween a pair of scientific names
detected by the spelling error teBtgsimum glaziovandBrosimum glaziov)i The
application of techniques such as this one to aatiwadly correct spelling errors will be

discussed in chapter 9 in this thesis.

The significant numbers of “false alarms” returigtthe tests also suggest the
necessity of development of a specific string sanity algorithm which can handle with
better efficiency the particular characteristicsha Latin language, specifically for
scientific nomenclature. This specific algorithrmdse based on the improvement of
phonetic similarity algorithms which already exetiapted to handle Latin language.
However, the association of different and improatgbrithms, as a mix of phonetic
and string similarity algorithms, as the experinsesuiggest, seems to be the best

approach.

Theerror classification toowas capable of classifying automatically 92.36%hef
returned pairs of names (“hits” or “false alarmstjereas 7.64% of the returned pairs
of names were classified interactively. Howeveis tbol was not developed with the
objective of determining automatically which onetlod pair was correct. The definition
of the “‘doubt classification for a pair of names was set ughatinteractive interface, in
the first round of tests, to deal with a “real va3rproblem: a database administrator
facing two very similarly spelled scientific nameasd, without appropriate skill and any
auxiliary reference, needing to judge whether timay represent different taxa.
Therefore, although this cannot be considered @gial part of a spelling error

detection algorithm, it should be considered in ‘apgl world” application.
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Despite the building techniques and database adtration efforts and tools (Table
22), all five databases tested show spelling ertdosvever, databases built with no data
entry control, such as the Marine Invertebratealuige, show the highest number of

spelling errors (Figure 26).

Database Database building and

management technique
Atlantic Rain Forest Alice Software
North-east checklist Alice Software
ILDIS Alice Software
Marine Invertebrates Free Text
Species 2000 Compilation of different
datasets

Table 22 — Database build/management technique

Algorithms based on character encoding, sucBasdexPhonix andSkeleton Key,
have substantial advantages in execution perforenaince the codes can be generated
in advance for each name, an “order (n)” processsetexecution time is proportional
to the number of nameBigram Trigram andLevenshtein Distancagorithms depend
on comparison of the original strings, an “ordé)’{process. Hence, the execution of

these algorithms presented the worst performance.

Taking the results as a whole, and excluding th@robdatabase, there was a
significant number of “hits” at species epithet§y,&ollowed by “hits” onGenus(160)
and “hits” in both name components (28), this taste found only in the Marine

database.
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Position of errors in scientific names
600
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@ Hit on Genus
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Databases

Figure 38 — Position of errors in the scientific na  mes

The low rate for errors in the genus name for itst three databases, shown in Figure
38, can be explained by the fact that those da¢sbaere managed by a specialized
relational database management system (Alice Sadt®awhich offers a genus
dictionary from which the users may choose to $aristing genus names. The low
rate for genus errors in the Species 2000 datahaggests the adoption of data entry
control policies and data control during the colmpiin process. The high rate of errors
in the genus position in the Marine database cmsfithe lack of a control policy at data

entry and the basic nature of the Marine databasggement system.

The analysis of the frequency of the “wrong lettenor type produced the following

Table 23:
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Wrong frequency d«»t 2 d«»q 1
letter e «» | 2 d«»r 1
a«»i 29 e«»Uu 2 d«»s 1
a«-»0 18 fa»t 2 e «»f 1
i «»y 16 i« j 2 e «-»S 1
a«»e 15 | «-»t 2 e «»t 1
i«»u 12 I «-»V 2 fa»v 1
N«-»r 10 S«-»Z 2 h «-»i 1
a«»u 9 a«»h 1 H «» K 1
e «»i 9 A «» L 1 h «» | 1
€ «»0 8 a«»m 1 | «-»J 1
i «»0 7 a«-»( 1 i«-»n 1
m «-» 8§ 7 a«-»y 1 j«-»r 1
m«-»n 6 a«»z 1 i«-»s 1
r«»t 6 b «»h 1 j«-» Kk 1
A «»S§ 5 b «»k 1 j«-»t 1
C«>»e 5 b «» | 1 kK «-» | 1
g«»(Q 5 b «»n 1 k «-» s 1
h«»n 5 b«»p 1 | «-» m 1
n«»u 5 b«»r 1 | «-»r 1
| «-»t 4 b«»s 1 | «<-» v 1
C«-»n 3 b«»v 1 m «» u 1
C«>»S 3 C«»D 1 n «-» p 1
i« | 3 Cu«»G 1 0O«»r 1
O «»U 3 C«-»mMm 1 p«-»r 1
U«-»y 3 C«-»( 1 p«-»s 1
a«»C 2 C«»r 1 r«-»s 1
b«»g 2 C «»V 1 S «-»t 1
b «-»t 2 d«»g 1 t«-»v 1
C«»g 2 d«»h 1 ta-»y 1
C«»p 2 d «»j 1 V «-»y 1

Table 23 — The frequency of the “wrong letter” err  or type analysis

The high occurrence of the replacemena &r i was, in the majority of cases (24 out
of 29 pairs of names), because of the differented®n “micr-" and “macr-" at the

beginning of the specific epithet (Table 24).

The names in Table 24 were considered as “hitfieranalysis. However, they could
be considered as “false hits” since the names bhaeracteristics of a “hit” (similarity
and classification as a wrong letter) but a strigrajihood to be two valid names and
not a spelling error at all. Again, as cited at$bketion 7.6.3, a reliable reference, such

as IPNI, can be use to minimize the effect of tfadsé hit”.
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Jacaranda macrantha
Jacaranda micrantha

Tephrosia macrantha
Tephrosia micrantha

Bauhinia macrostachya
Bauhinia microstachya

Trifolium macrocephalum
Trifolium microcephalum

Calliandra macrocalyx
Calliandra microcalyx

Astronesthes macropogon
Astronesthes micropogon

Lantana macrophylla
Lantana microphylla

Bathytroctes macrolepis
Bathytroctes microlepis

Argyrolobium macrophyllum
Argyrolobium microphyllum

Crotalaria macrocarpa
Crotalaria microcarpa

Curimatopsis macrolepis
Curimatopsis microlepis

Detarium macrocarpum
Detarium microcarpum

Imparfinis macrocephala
Imparfinis microcephala

Diphysa macrophylla
Diphysa microphylla

Moringua macrochir
Moringua microchir

Indigofera macrantha
Indigofera micrantha

Rhynchactis macrothrix
Rhynchactis microthrix

Indigofera macrocalyx
Indigofera microcalyx

Sertella fragida
Sertella frigida

Kennedia macrophylla
Kennedia microphylla

Resania lanceolata
Resinia lanceolata

Machaerium macrophyllum
Machaerium microphyllum

Paramoera rangatira
Paramoera rangitira

Mimosa macrocephala
Mimosa microcephala

Pagurus spanulimanus
Pagurus spinulimanus

Rhynchosia macrantha
Rhynchosia micrantha

Chlamys kiwaensis
Chlamys kiwiensis

Sclerolobium macropetalum
Sclerolobium micropetalum

Swartzia macrocarpa
Swartzia microcarpa

Table 24 — Replacement of “a” for

win

i” in wrong letter error type
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8. Taxonomic database quality assessment and
metrics

8.1. Current concepts in data quality assessment

For English (1999), there are two basic categariesformation quality characteristics
and their related measures. The first is the inftegeality of the data. Inherent
information quality characteristics are those #ratindependent of the way data are
used. In a database, data have cesgfatic quality characteristics. The second category
consists of pragmatic quality characteristics. Ehaslude how intuitive the

information is in its present format and how wekmnables knowledge workers to
accomplish their objectives. Pipino, Lee, and Wg@§?2) present the same
classification as English, calling these two basiaracteristicsask-independerand

task-dependentespectively.

For Kahnet al (2002), information quality is an inexact sciemtéerms of assessment
and benchmarks. Although various aspects of quafityinformation have been
investigated, there is still a critical need forthwalologies that assess how well
organizations develop information products andvéelinformation services to

consumers.

However, for the inherent information quality, fleeus of this thesis, assessments can

be associated with the data quality dimensiongeelto inherent aspects of data, such

as accuracy, completeness, consistency and tirssline
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The task-independent (or inherent) metrics ref¢ates of the data without the
contextual knowledge of the application, and caajngied to any data set, regardless

of the tasks at hand (Pipimd al, 2002).

Pipinoet al.(2002) presentssimple ratiomeasure, as a traditional data quality metric

for quality dimensions such ascuracy consistencyandcompleteness

Thesimple ratiomeasures the ratio of the number of desired outsdmthe total

number of outcomes. Since most people measure @Bxegphowever, a preferred form
is the number of undesirable outcomes divided bytdbal number of outcomes
subtracted from 1. This simple ratio adheres tactirevention that 1 represents the most

desirable and O the least desirable score.

For accuracy, if one is counting the data unitscllare in error, the metric is defined as
the number of data units in error divided by thltaumber of data units, subtracted
from 1. In practice, determining what constitutegaga unit and what is an error
requires a set of clearly defined criteria. Forregke, the degree of precision must be
specified. It is possible for an incorrect charaotea text string to be tolerable in one
circumstance but not in another. For example, dtara such as “.” might be
acceptable in the context of phytosociological d&ts (e.gVicia sp) and not in

nomenclatural databases.

Thecompletenesdimension can be viewed from many perspectiveslitg to

different metrics. At the most abstract level, caa define the concept of schema

completeness, which is the degree to which entiekattributes are not missing from
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the schema. At the data level, one can define colcompleteness as a function of the
missing values in a column of a table. A third typealled population completeness. If
a column should contain at least one occurrened 80 US states, for example, but
only contains 43 states, then we have populaticonpleteness. Each of these three
types (schema, column and population completemasshe measured by taking the
ratio of the number of missing items to the totanter of items required (i.e. not just

counting the items which are present) and subtrgdtom 1.

Motro and Rakov (1996; 1998) approached data quadisessment considering
integrity as a combination @fccuracyandcompletenessn their approach, a database
view isaccurateif it includesonly information that occurs in the real world; a daisd
view iscompletéf it includesall the information that occurs in the real world. Eena
database view has integrity, if it includes the fghtouth Completenegsand nothing but

the truth &ccuracy.

8.2. Applying the concept of data quality assessmen  tto the
taxonomic database domain

In order to demonstrate the application of thesa daality assessment concepts, we
will investigate their application to the taxonondiatabase domain. We denote the
actual (stored) database instari@geand we denote thdeal (real world) database
instanceW. Of courseW is a hypothetical instance which is unavailablee Ftored

instanceD is an approximation of the ideal instaiwe
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Thereforea measure of the quality of a given database ianseer to the question

“how good is the approximatioh?

To determine the goodness of the approximation wstmeasure the similarity of the
two database instances. Since each instance ig@f sgples), we can use measures that
compare two sets of elements. One such measuasésilon two components as

follows:

. nwW
« Accuracy of the database relative to the real W()I-F%Wl

» Completeness of the database relative to the refadimj%\?/l

As bothD andW may be very large, antd may be unknown or unavailable, the

estimation ofaccuracyandcompletenesshould be based on sampleodndW.

To determine the portion of the stored informatiloat is true §ccuracy, the following

procedure can be used:

1) SampleD to produceDsample
2) For eachx[dDsample determine whethetCOW .
3) Calculate theccuracyestimate as the number of “hitX[JW | divided by the

sample sizeDsampld.

Step 1, sampling a database, is simple. But stegificult: we need to determine the
presence of database elementé/imwhenW s unavailable and without actually

constructing it. This is accomplished either by lamwerification knowledge workejs
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of the sample elements or by, comparing with atape data source&létabase

bashing.

To determine the portion of the true (real-worldfprmation that is stored

(completenegsthe following procedure can be used:

1) Samplewto produceDsample
2) For eachkOWsample determine whethet(1 D .
3) Calculate theompletenessstimate as the number of “hitX[]] D | divided by

the sample siZ&Vsample. |

Step 2, verifying the presence of elements in titalthse, is simple. But step 1 is
difficult: we need to sampl®/ whenW is unavailable and without actually constructing
it. However, a relation betwedhllVsample ahd theaxonomic database domai(see
Section 6.3.2 - Database domain exception) carstadleshed. Considering the
example cited in the Section 6.3.2 - Database doeraseption: a hypothetical database

about “Woody Leguminosae of Brazil”:
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Known plants
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Woody
Plants

(descriptive domain)

Brazilian
Plants

(spatial domain)

Leguminosae
(taxonomic domain)

4

Figure 39 - Hypothetical database representation

As demonstrated)Vs (theideal instanceat the region 8 of the figure above) is the
intersection of the three sets: woody plants, Beazplants and Leguminosae plants.

Thus, taxonomic database domains can be a reasomaplto determingWWsample |

since, for some specific situations such as taxanoavisions or regional floras, some

stored databasé® can play a reliabl¢§Wsample rple in adatabase bashingputine.

This approach is particularly useful for high hretacal ranks of taxonomic
nomenclature. Considering the example above, ilghae straightforward for
knowledge workerso produce a list of all known Leguminosae gemnenech belong to
Brazil and, separately, are woddhtheir intersection will determine the population

completeness of the genus attribut&\gf

For the same reason, databases which adopt asstastter hierarchically organized
sets of values to describe specific attributesh stscthe “Economic Botany Data

Collection Standard” (Cook, 1995) and “World Geqgurigal Scheme for Recording

% “Woody” means here “trees or shrubs”, i.e. not herbs.
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Plant Distributions” (Hollis and Brummitt, 1992)ar use the same approach in order to

assess the data quality level of these attributes.

These techniques of data quality assessment capdbied in the context of the
taxonomic data domainbearing in mind the peculiar characteristicshef t
classification data domaiwhich may have several “different instances ofresd

world”, according to the different opinions of tasamists.

8.3. Taxonomic data quality assessment in practice

8.3.1. The ITIS Project

Institutional and cooperative taxonomic databasgepts have, in recent years, begun
to take account of data quality issues and the rtapoe of the establishment of data
guality indicators. One example of the definitiordautilization of taxonomic data
quality indicators came from the ITIS Project (ITI$tegrated Taxonomic Information

System, 2004).

The Integrated Taxonomic Information System (ITW#)s established in the mid-
1990’s as a cooperative project among several d& & agencies to improve and
expand upon taxonomic data (known as the “NODC fharac Code”) maintained by
the National Oceanographic Data Center (NODC),dvati Oceanic and Atmospheric
Administration (NOAA). It later expanded with pagts in Canada and Mexico. ITIS
inherited approximately 210,000 scientific namethwarying levels of data quality
from the NODC data set. While many important taxaitogroups were not well
represented (e.g., terrestrial insects), the ragerors and omissions within represented

taxonomic groups ranged from relatively low (efgw misspellings or occasional
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typographical errors) to rather high (e.g., mangcsgs names without authors or dates,

or species assigned to wrong groups).

The ITIS mission is to create a scientifically dbde database of taxonomic
information, placing primary focus on taxa of irgstrto North America, with world
treatments included as available. Within this framek, the initial data content
development and quality assurance strategy wasdim lwith the NODC data and
proceed on two tracks: (1) adding new names orktiseswith a high level of
taxonomic credibility, and (2) reviewing and verifg the legacy NODC data, thereby
bringing it to a minimal, or higher, standard ofalgquality. Pending review and
improvement, the unverified legacy data have be&ined in the ITIS database to meet
the needs of ITIS partners and collaborators wigctlis names and their associated
unique identifiers (Taxonomic Serial Numbers - TNsspecific applications. Since
the 1996 import of the legacy dataset, ITIS hasvgrto more than 334,000 scientific
names, more than 55% of which have been verifigderliterature, leaving about

140,000 names as unverified legacy data.

Although the ITIS database initially was populatéth names derived from the NODC
Taxonomic Code, it is being expanded to link indiial names to one or more credible
references (e.g., print publications, recognizqubets, and databases). Those references
may or may not also be linked to other names coeathwithin the group, i.e. a family
name may be linked to a publication that was usecttify its status and position, but
that publication might not reference the subordirggnera or species within the family.

This process of verification based on crediblerexfees is at the core of ITIS activities.

Depending on the rank of the scientific name (kirggdom, family, subspecies, etc.),

each ITIS name record has one to three data quadityators associated with it:
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» Record Credibility Rating (an example of tBelievability Taxonomic Data Quality
Dimension

 Latest Record Review (an example of Thmeliness Taxonomic Data Quality
Dimension

» Global Species Completeness (an example ofthrapleteness Data Quality

Dimension

Every scientific name record in ITIS, regardlesshaf name’s rank, has the data quality
indicator ‘Record Credibility Rating” denoting whether it has undergone internal
review. Because the NODC records originally impaiteo the ITIS database were of
unknown quality, each was assigned a Record CiadiRiating of “unverified.” As
these records are reviewed, credibility ratingscii@nged to either the highest value,
“verified — standards met”, or “verified — minimustandards met.” A rating of
“verified — standards met” indicates to the uset il elements in the record and the
position of the scientific name in the hierarchg perceived to be accurate and
supported by one or more credible references.t# oethe record have been reviewed
but are incomplete and/or contain accuracy, placénee nomenclatural issues, or are
from a non-peer reviewed source, a rating of “vedi~ minimum standards met” is
assigned. During the process of adding new namBd39 some of the unverified
legacy records in the same taxonomic group aredéite., unverified records are
verified and the Record Credibility Rating is ad@dy. As a result, more than 30% of
the original NODC records have now been verifigd afforts to improve the quality

of ITIS legacy data continue.

“Latest Record Review, a second ITIS data quality indicator, is ass@jteerecords

with names at ranks above species (e.g., genendidsg, orders), and represents the
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year that the record was last reviewed by ITIS.d&@mple, if a family name is listed
as “verified — standards met,” with a Latest Redeeview rating of “1997,” a user can
assume that the record was reviewed in that yesard should be aware however, that
taxonomic changes might have been published shratgdview and not yet
incorporated into the ITIS files. (Additionally, &1s can refer to dates of cited
publications which provide another indication o tturrency of the record.) For
original NODC data, all records were initially rdtas “unknown” for this data quality

indicator, but are being adjusted as records atiewed.

The third ITIS data quality indicatorGlobal Species Completenessindicates

whether or not, for a given valid/accepted nane,(current standing) for a taxon at the
rank of genus or higher, all known valid/acceptpécges for that rank were
incorporated into ITIS at the time of review. Coetehess ratings of “unknown” (such
as were given to the original NODC data recorde)aaljusted to the appropriate level,
“partial” or “complete,” when adequate informatisapports a change. Both “Latest
Record Review” and “Global Species Completenesditators also are used by ITIS in
making decisions about the timeliness of peer wewaka group (ITIS - Integrated

Taxonomic Information System, 2004).
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8.3.2. The Brazilian Northeast Plant Checklist

The Brazilian Northeast Plant Checklist database se& up initially from a published
checklist (Barbosat al, 1996), which was built based on different pulilmas about
plant species occurring in the northeast regioBrakil. Some of the references used to
set up the checklist have no link between the ggatame and a herbarium voucher.
This characteristic, species data without an aatoai with the recorded biological fact,
the herbarium voucher, has a significant impadhenBelievability Taxonomic Data
Quality Dimension (see section 5.2) for a speafass of Knowledge Workers: The

taxonomists.

In order to overcome this impact, the first stefgwaestablish a name status variable
and a revision flag at the database, similar td'Rexord Credibility Rating” adopted

by ITIS.

At phase | of the database, all the scientific rmere set up with a status as
“provisional”, indicating that the name had not beerified by a reliable reference: a

herbarium voucher citation or a taxonomist.

The revision phase Il consisted of the revisiothefnames based on selected reliable

literature. During phase lll, a list of names, angad by family, was sent to

taxonomists to revise.
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As the revision of the database advanced, by imcatipg new reliable references
(phase 1) or by the revision by taxonomists (phé3ethe names were promoted to the
status “accepted” or “synonym” and the revisiomftaceived values of either “revised
by reliable bibliography” or “accepted as a coregchame by”, associated with the

name of a taxonomist.

The Brazilian Northeast Plant Database
Evolution

10000 - 9050

8000 -
6000 1

4000 1

Scientific Names

2000 1

Phase | Phase Il Phase Il

@ Accepted B Provisonal O Total

Figure 40 — Evolution of the Brazilian Northeast PI  ant Database

In both examples, the implemented data qualitycaidirs will provide to knowledge
workers and end users a measure of quality in stomeins and for some dimensions.
Yet in both examples, although these indicatorsnsiehave been defined for
operational and management reasons, they areedds@nt to the users as means for

assessing data quality.
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9. Discussion

9.1. Can erroneous data in taxonomic databases be
automatically corrected?

At this point it should be clear that automate@edetection techniques can be used
with a reasonable level of success to detect eougsdata in taxonomic databases,
especially errors in scientific names. To sele@duced number of records from large
databases, to be verified by knowledge workera,sgnificant assistance to promote
data quality, but could we go further? In the cafséetecting spelling errors, rather than
simply detecting errors, appropriate algorithms saggest a correct name based on
reliable data dictionaries or detecting similabgtween names. However, fully

automated correction has had very restricted macpplication so far.

Froese (1997) presented an algorithm which autsvaatd simplifies the process of
verifying scientific names of fish. Two aims werefided for Froese’s algorithm:
1. To assign a valid name automatically to as mamyoasible of the submitted
names;
2. To provide all necessary information to assistuber in selecting a valid name

for cases where a valid name cannot be assignedatitally.

Based on the rules of the International Code ofi@gioal Nomenclature, the algorithm
relies on three auxiliary tables:
1. The FishBase FAMILIES table;

2. The FishBase GENERA table;
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3. The FishBase SYNONYMS table, which contains vahdhes, synonyms and

misspelled names.

Associated with those reference data dictionafiesgse’s algorithm follows four major
steps:

1. If a submitted name exactly matches a valid, synanys or misspelled name,
the algorithm adds the valid name (if synonymousgymonyms (if valid),
author and year, family and additional references;

2. If no exact match is found, the algorithm trieditm unambiguous
corresponding names by testing a set of differentlnations of valid genus
(when the submitted genus was a synonymous) andioatidns of the suffix
of the specific epithet, according to a set of canmisspelling suffices. If a
match is found, the algorithm adds the additionfdrmation, described at step
one;

3. If a matching name hasn’t been found in step 1, éhalgorithm checks the
validity of the generic name. If a matching vakginonymous or misspelled
generic name is found, the algorithm adds the \g#itus and family to the
submitted name. If no matching generic name cdoudned, the algorithm tries
to find similar names, following a series of midipg tests. The resulting
comments and possible generic name are printe@dBasthese suggestions,
obviously misspelled generic names are correctatually and the algorithm is
rerun starting with the step 1 above.

4. If steps 1-3 have not found a matching name, therghm makes suggestions
for those names for which at least a valid gereaime had been found, by

checking for misspellings in the specific epithet.
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Following those steps, if no exact matches aredp&noese’s algorithm generates a list
of suggestions, which need the intervention ofecibist (knowledge worker) in order

to manually correct the name (Table 25).

Input Output

Abantennarius = Antennarius coccineus (Lesson 1830), Ref.

neocaledoniensis Pietsch, T.W. and D.B.Grobecker, 1987

Ablavys binotata = Ablabys binotatus (Peters 1855), Ref. Poss,
S.1986, p. 479

Abramis pekinensis = Parabramis pekinensis (Basilewsky 1855),
Ref. Berg, L.S., 1964, p. 358

Table 25 — Examples of the results of Froese’s algo  rithm

Musso (1988) presented an algorithm to clean upegjdcy data which may, for
example, have been entered in upper-case lettenstdmatically transliterates a species
name into a normalized scientific name, in accocdamith the majority of the
international recommendations. Musso’s algorithrasdoot use any dictionary and
focuses on identifying the name elements and ttareting then into the appropriate
upper or lower case. The algorithm is capable efidlying and normalizing authority

names as well (Table 26).

Original name Automated corrected name
SAXIFRAGA FLORULENTA MORETTI | Saxifraga florulenta Moretti
HELIANTHEMUM LUNULATUM Helianthemum lunulatum (All.)DC. In
(ALL)%DC. IN LAM.ET. %DC. Lam. & DC.

ACHILLEA ERBA ROTTA ALL. Achillea erba-rotta All.

Table 26 — Examples of the results of Musso’s algor  ithm

Musso’s algorithm represent a simple script whimlofvs pre-defined rules and
recognizes special characters (such as “%”) inrdastandardize the format of the

scientific name.
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The LITCHI Project (http:// litchi.biol.soton.ac.ukas been working on a model of the
knowledge integrity rules in a taxonomic treatmieeitd in taxonomic databases, in
order to detect and correct taxonomic classificationflicts. The project produced,
among several other useful rules and modeBjmlict Reasoning Enginghich
automatically detects conflicts in taxonomic chestkl and an interactive interface to
promote semi-automated data correction (Jetas$, 2001). In the specification of the
rules and possible repairs (Brandt, 1999), LITOMénds to achieve, in specific
situations, an automated “repair process”. Theraated repair relies on an analysis of
the “pieces of evidence”, which can suggest anmaated repair or indicate the need for

a skilledknowledge worketo resolve the conflict.

Data other than scientific names may also be ctueda certain circumstances. For
example, an occurrence ofrassing data valuesrror pattern may be automatically
corrected in some specific cases, such as misaiitgde and longitude for a known
recorded locality (spatial data sub-domain). Howeaatomated correction of species
descriptive domain records, without a link to prigndata sources (specimen
descriptive data sub-domain), will usually be inghicable. If the link exists,
morphological characteristics of specimen recoetshe used to complete species
descriptor data domains, for example, the averageo$ the specimens to achieve the
species “habit”, or the specimen spatial occurreéa@chieve the geographic

distribution of habitat.

As pointed out by Maxtedt al (1993), descriptive data from superior levelshaf

taxonomic hierarchy can also be used to tackleingstata values at subordinate

hierarchical levels. For example, a white flowearatteristic ascribed to a whole genus
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can be applied to all the species which belongkitogenus, in a process calledta

Propagation

In the same paper, Maxtetlal. showed the automatic synthesis of descriptive data
using the taxonomic hierarchy, in a procesBafa Aggregatiorfrom subordinate

hierarchical levels in order to define descriptilaa for a taxon from specimen data.

Other automated data cleaning techniques appéavi useful application to
automatically correct theuplicate occurrencesrror pattern of scientific names, caused
by misspelling errors. Hernandez and Stolfo (1998sent an “Equational Theory”
which is a framework to allow tests for duplicageards to be specified and executed. It
could be applied to improve scientific name spglienror detection and, maybe,

achieve fully automated correction.

For Hernandez and Stolfo (1998), the comparisaeadrds to determine their
equivalence (e.g. two scientific names with higgrée of string similarity) is a
complex inferential process that considers muchenmdormation in the compared
record and in related tables. They use a declar&ivguage to make it easy to specify
criteria for detecting duplicate records. Workinghapersonal data, Hernandez and
Stolfo gives an example supposing two person namrespelled similarly but not
identically, and have the exact same address. Whtnmfer they are the same person.
On the other hand, suppose two records have exhetlyame social security numbers,
but the names and addresses are completely diffé&ncould either assume the
records represent the same person who changedrhis and moved, or the records

represent different persons, and the social sgaouinber field is incorrect for one of
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them. Without any further information, we may pgrbassume the latter. The more
information there is in the records, the betteeiaehces can be made (Hernandez and

Stolfo, 1998).

This example can be used for two scientific namat, the specific epithet spelled
nearly (but not completely) identically. Both naniewe the same genus, family and
authority values. In this case we could perhaparitifat both names represent the same

taxon and one of those names (or possibly botmjsspelled.

Spelling error algorithms have proved, in this thet® be an efficient tool to create
clusters of scientific names that could, by theilsinty of their spelling, represent the
same entity. The key to carry out an automatedectian is to choose the correct name.
Additional databases and/or data can be used tk¢he occurrence of both names in
order to increase the level of confidence of theiad As pointed out by Hernandez and
Stolfo, the more information there is associatetth wie records, the better inferences

can be made.

Following this principle, automated correction ad@plicate occurrence of scientific

names, caused by misspelling errors, can be derateby the following example:

Nomenclatural Data Domain
Family Genus Specie Author
Record #1 Fabaceae Vicia faba L.
Record #2 Fabaceae Vycia faba L.




Classification Data Domain
Status Synonyms
Record #1 Accepted | Faba bona Medikus
Faba faba (L.) House
Faba major Desf
Faba sativa Bernh.
Faba vulgaris Moench
Orobus faba Brot.
Vicia esculenta Salisb.
Vicia vulgaris Gray
Record #2 Accepted | Faba faba (L.) House
Faba minor Roxb.
Faba sativa Bernh.
Faba vulgaris Moench
Vicia esculenta Salisb.
Vicia vulgaris Gray

Species Descriptive Data Domain
Vernacular Flower colour Fruit
names
Record #1 Ackerbohne, white pubescent
Bokla, Broad
Bean, Fava
Bean, Feve
des Matrais,
Pois Blanc,
Small Bean,
Tick Bean,
Windsor Bean
Record #2 Ackerbohne, white with the
Bokla, Broad wings smeared

Bean, Faba in black

Bean, Fava

Bean, Feve

des Marais,

Field Bean,

Habas, Horse

Bean, Pois

Blanc
Reference presence of Vicia presence of vycia
databases faba faba
Database #1 Y N
Database #2 Y N
Database #3 N N
Database #n Y N

Based on the data comparison of the record¥ifma fabaandVycia faba we can

assume with a high degree of confidence that kextbrds are intended to represent the
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same entity, in this case the same taxon and amated correction (or merge) can be

done. Of course, the merging may be non-trivi@doomplish.

Using this example, for the specific situation tud duplicate occurrencesrror pattern

of scientific names caused by misspelling erroles assume that automated correction
can be successfully accomplished, with a diffetewel of confidence, depending on the
amount of information associated with each tax@om However, the level of
confidence, the amount of taxonomic or descripitifermation needed, ways to specify
this information concisely and methods for mergiglicate records should be

explored by further research on this area.

9.2. Can incorrect data in taxonomic databases be
prevented?

Error prevention is considered to be far supenartor detection, since error detection

is often costly and cannot guarantee to be 100%esgéul at any stage (Embury, 2001).

Error prevention requires a better understandireydaiinition of the taxonomic
information chain, since “bad data” is, in a ser@segsult of a “bad process” (English,
1999). Hence, data defect prevention should béetlea the scope of the whole process

of information quality improvement.

When an incorrect data item is detected in a daglhere are two fundamental

approaches to deal with it:

+ Bereactiveto the problem and fix the consequences (datasieq);
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+ Beproactiveby analyzing the causes of the problem and elitimgahe cause

(information process quality improvement).

Data cleansing fixes the symptoms of informatioaliqy problems after the problem
has happened. Information process quality improveraealyses and eliminates the

cause.

Based on thdata life cycle modgiresented in chapter 4 (Figure 3) of this theges,
can assume that the acquisition activities detegralhthe inherent data quafty
Consequently, an information process quality improent should include activities
that involve data modelling and its implementatiang data acquisition and data
management, which will require a better understagdind definition of théaxonomic

information chain

Apart from the design and implementation of thealdase itself, where bad design and
bad implementation will lead to overall poor datelity, error prevention can be
related, separately, to thata producersdata intermediariegnd, in some cases,

knowledge workers

Consideringdata producersthose who are responsible for acquiring spec#ic®s
from the “real world” for the attributes of the in@tlual instances of the defined entity
classes, error prevention will involve adoptiorstdndards and training in, for example,

correct observation, measurement and descriptidimeobiological or environmental

%% Inherent data quality- The degree to which data accurately reflectseheworld
object that the data represents or, simply stabedgdata accuracy.
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fact, the handling equipment and specific taxonamaming (using dichotomous keys,

correct observation and measurement of morpholbginactures etc.).

Data intermediariesre, usually, data handlers or transcribers witktwai capacity for
evaluation or judgement of the data values themaselhey are responsible for data-
entry activities, which produce the most frequeatadjuality problems (Eckerson,
2002). Hence, error prevention techniques for addemediaries must involve
validation routines and referential integrity chees part of the database management

system interface.

Not surprisingly, survey respondents cite datayestrors by data intermediaries as the
most common source of data defects. Examples ofseimclude misspellings,
transposition of numerals, incorrect or missingeydiata placed in the wrong fields
and unrecognizable scientific names, vernacularesaabbreviations or acronyms.
These types of errors are increasing as taxonoatabdses move their interfaces to the
Web. Web interfaces may lack data entry controtsraay allowknowledge workers
who may be less aware of data quality issteenter data directly into databases

(Eckerson, 2002).

An example of how better interfaces and validatautines can improve data quality
can be seen in a typical case of a data intermedrgering a misspelled narigcia
faba Even database management systems specially gedeio handle scientific
names, such as Alice Software®, do not complairutitiee prior existence of a record

for Vicia fabaand will accept the name as a new valid recorthibicase, the use of a
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data entry validation routine, such as a “do yoamnideature, as discussed in section

10.1, will have significant impact on error prevent

The adoption of recognized data standards and enhdata models together with
clearly defined data process and management, re@icuratorial procedures on the
primary data sources and the adoption of validatbariines will therefore have a

significant impact on error prevention in taxonomatabases.

9.3. Can taxonomic databases be certified?

This question appears to be a just the “tip ofcabeérg” because it raises some related
questions: “Why should Taxonomic Databases befieel®”, “How can Taxonomic

Databases be certified?” and "What level of cexdifion is appropriate?”

With the advent of the Internet and the World WiWleb, abundant sources of
“taxonomic information” became available to the geh public. Some of those
associated with reputable scientific institutionsl @rojects confer on the information
available a reasonable reputation. However, “regisi@reputation” is a subjective
concept and a fragile attribute on which to basmas and decisions that involve, for

example, rational and sustainable use of biodityerssources.

Distinguishing reliable information from reputalitgéormation or even from ordinary
unreliable information is not a straightforwardikasven for taxonomists. They
generally appeal to additional data like the autifdhe information, the institution and

whether there is reference or citation to “verif@aimaterial”’, such as a herbarium
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voucher. For databases, this additional data iallyscalledmetadatd’. However, the
presence or accessibility ofetadatafor a given database still does not guarantee data
quality and cannot be considered a data qualityfication by itself. Forknowledge
workers metadata can give important information in ortdeestablish a certain degree
of quality, in some taxonomic data quality dimemsioFor example, the name of a
specialist associated with a checklist, as a resiewan imply or even assure a good
quality for theclassification data domairHowever, forend usersor the general public,
metadatacan be, in most cases, meaningless. Therefoagpadmic data quality
certification can be used as a flag, indicatinggppropriate language, that a specific
source of taxonomic information &curate, complete, consistent, timefywhatever
taxonomic data quality domain can be appropriaaeiylied. With certification,
taxonomic information consumers, frdmowledge workers end userswill be
capable of recognizing, for example, from amongpitdusion of web pages with

taxonomic information, those pages with reliableimation.

There is also a secondary reason asvoy” Taxonomic Databases should be certified:
to achieve certification, taxonomic database owmglidoe motivated to promote an
improvement in the whole information quality proseExposing taxonomic databases
to criticism and public evaluation has proved tabeesffective method to promote data
quality (Dalcinet al, 1997). This may also be true for open-sourcgnamm code, for

example, in the case of security applications.

As shown in this thesis, the inherent data qualittaxonomic databases can be

assessed in different dimensions and domains. Henyvey effectively establish a data

2" Metadata is defined as “data about data” or “information about data or other information”
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quality certification programme, a protocol shoh&ldeveloped and proposed,
including the different aspects of ttexonomic information chairprimary data sources
(the raw material), the information chain itseligtprocess) and the database (the

product).

It will be appropriate for independent organizasiplike the Taxonomic Database
Working Group (http://www.tdwg.org), to conductaxtnomic data quality
certification programme, in order to set up a sédited certification protocol for
public and private taxonomic databases. Once sychtacol exists, it will need to be

applied, either by an appropriate agency, or perigpmeans of self-certification.

9.3.1. Suggestions for a Data Quality Certification Model
for Taxonomic Databases

Taxonomic data quality certification procedureswgtionclude the following elements,

among others:

+ Public taxonomic databases should adopt data guiadliicators, to different levels
and for different taxonomic data quality dimensiansl taxonomic data domains;

» Data quality indicators should be published inghelic interface of the database, as
Metadata,

« Atimeliness indicator can be represented by rexisiates associated with
taxonomic data domains, data dictionaries and ewdimidual data values (e.g.
gazetteer updated on 2002, nomenclatural synonyladadn 23/10/1989,

ARACEAE reviewed by an expert in July 2002, etc.)
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« A completeness indicator can be represented byatigative indicator, maybe a
percentage, of the taxonomic data domains prese¢iné aatabase (see chapter 3).
For example: 87% of genera have authority valu8% 8f specimen records have
latitude and longitude values; 65% of taxon recdralge a habit value, etc.

+ A believability or credibility indicator can be negsented by “verified” and
“unverified” flags, associated with the recordsegen data values, similar to those
adopted by ITIS Project (see section 8.3.1);

« Periodical reports about the data management puoegdupdates, downtime etc

should be publicly available;

9.4. What is the impact of taxonomic data qualityo n
database merging and linking?
As discussed in the Chapter 2 of this thesis, séugtiatives and significant efforts
have been undertaken in order to biglldbal species databasasd to produce a
compiled global checklist of living organisms (Bysid993; 1997; 2000; Edwarés al.,
2000; Emburnyet al, 2001; Emburet al, 1999). However, few of these initiatives have
given special attention to data quality problemaimy those which involve

fundamental taxonomic data dimensions and basic patterns.

As pointed out in chapter 6, a scientific name listeel - a textual representation - for a
biological entity: the taxon. In taxonomic datalsghis particular string of characters
usually represents the main key to store, retraaaaccess all the information related
to a particular taxon or “entity”. Several initiadis which are merging or linking
taxonomic databases are using and offering thatittename as a “unique identifier”

without appropriate verification, for example, pedling. As pointed in chapter 7 of this
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thesis, where in every database used in the expetanspelling errors were found that
indicated possible entity duplication, we can asstmat the same problems will occur

when organisations or institutions decide to linkreerge all databases together.

The assumption, by a database owner, of a high édgiality of their databases may
be more dangerous than the lack of specific tgassonnel and procedures to assess
the data quality in their databases. On the otaedhthe recognition that the database is

not “perfect”, or prone of errors, will encourageprovement of the quality.

Merging and linking taxonomic databases is notairtask. Complex concepts and
rules are involved and often broken, in a semalhfieanbiguous world. Researchers in
this area very often assume that their “raw madtefieesearch” — taxonomic databases
— are “ideal databases”, as required by logicalrmathematical studies. Unfortunately,
this assumption is rarely (maybe never) true. Tioeee besides the semantic
complexity of merging taxonomic databases, anthénlight of the results of the tests
applied in chapter 7 of this thesis, we can assinaethe data quality level of the result
of merging or linking one or more taxonomic datasawill be equal to the data quality

level of the worst database involved in the process

In general, merging and linking use data from taease to:

a) Test which entities are to be merged (e.g. dugitaton detection);

b) Decide which data elements correspond with eacbr @athd can be merged;

c) Obtain the actual data and merge or link it.
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Thus poor data quality can affect the linking orgieg process in all these stages, and

any deleterious effects of poor data may be migiipl

Although it is beyond the scope of this thesisdsidgn algorithms for linking or

merging data records or data sets, clearly sudaritighs must be designed with the

effects of data quality in mind.
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10. Conclusion and recommendations

10.1. Conclusions

Data quality studies need solid bases to generatgigal benefits. Those bases include,
for example, the understanding and descriptiomefirocesses involved in data
acquisition, treatment and management; informagtir@auction, usage and delivery;

and data modelling and implementation.

Data quality studies also bring to the scene caisogfpdata quality dimensions which
depend on those bases to be appropriately appliedder to establish a solid and

practical relationship between the concept of datlity and taxonomic data.

Despite the advances in taxonomic databases intrdeeades, data quality issues
related to taxonomic databases have received itdeydttention, from both the
disciplines of taxonomy and information scienceerBfore, because of the lack of
previous studies providing understanding and dadims of the taxonomic information
chain in the context of data quality, the firsttpairthis thesis was dedicated to
proposing definitions afaxonomic data domairendtaxonomic data quality
dimensionsn order to establish a framework to support tfeetical work, emphasizing
the problem of spelling errors in scientific namdewever, these definitions may need
further refinement in the face of the complexityafonomic information, from a

holistic point of view.
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Consequently, a first conclusion of this work is tirgent need for the establishment of
those solid bases in order to support forthcomindies on data quality applied to

taxonomic databases.

The most significant aspect of data quality issndaxonomic database nowadays is
related with the Internet which promotes a shifthie way taxonomic information is

delivered.

A few years ago, taxonomic information was delideggclusively by printed materials
where the previous verification of the first pAdsy a copy editdf was a standard
procedure (Figure 41). Publications about taxa wevesed byknowledge workers
before formally being published as books or otherted materials and, consequently,

becoming available tend users

8 An early printed edition of the manuscript, which is reviewed for accuracy by the author and
copy editor before publication.
° Corrects grammar and spelling in a manuscript and checks facts for accuracy and conformity.
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Traditional Taxonomic Information Delivery

3
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Figure 41 — Comparison of traditional and presentt  axonomic information delivery

Nowadays, taxonomic databases have become primgaysdurces for applications and
languages capable of delivering taxonomic infororabn demand through the Internet,
directly to consumers. This “quiet revolution” (Bis 2000), despite the advances and
benefits, can lead to a scenario where, for exanipdee will be no need for a
knowledge worketo be in touch with the biological material itsedince all the aspects
and data of the specimen, including images, soandsletailed measurements, are
“digitized” and accessible by a few “clicks”. Inh&r words, the content of taxonomic
databases could become interpreted, or even remjras a primary data source in
order to generate new taxonomic information prosluat used to make biodiversity
assessments. Since databases are prone to ezhpirsy exclusively on databases to
produce knowledge, without strong links to verifeabiological material could lead to

incorrect assessment and decision making.
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In the same way, the increasing pervasivenessedhtiernet among the general public
has been conferring to the World Wide Web a statywimary data source and, again,

this is easily interpreted as it is a source aalaé data by the general public.

Even the “interoperability of biodiversity databa&dahe “holy grail” of recent global
efforts, meetings and organizations involved watkonomic databases, made possible
with the advent of the Internet, relies on linkimedated information using scientific

names, which are themselves threatened by taxordatacquality issues.

This new development of thaxonomic information chainomes to endorse the
necessity of a better understanding, descripti@hdafinition of thetaxonomic
information chainitself, in order to support a framework where tbacepts of data

quality can be appropriately applied.

The second conclusion from this thesis is thain asy other database, taxonomic
databases are prone to errors. The practical watthis thesis, working with five
different taxonomic databases and focusing on vakiation of thenomenclatural data
domain demonstrated the detection of data quality problen all the five databases,

over almost all théaxonomic error patternproposed and described in section 6.26.

However, as pointed out in the discussion (sed@i@, incorrect data is just a
consequence of a “bad process”. It is outside ¢bpes of this thesis to answer questions
which could delimit or identify which part of theqzess or information chain was
responsible for the incorrect data. Were the datared wrongly? Were the data entered

correctly but it is incorrect at the source? W incorrect data a result of
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unsuccessful data conversion or migration? Thoses@me questions which address
data quality issues as a whole; questions thatidlawise and be treated in any
taxonomic database assessment, as a part of amatfon quality process

improvement.

Consequently, the third conclusion of this thelseésed also on the literature review, is
that the majority of taxonomic database projectseeheeglected aspects of data quality

control and, we can assume, have no informatiotitgymocess improvement plans or

policy.

Three of the five databases used on the experinoéiitss thesis were built and
managed using a database management system, daV/sfmgrifically to handle
taxonomic nomenclature. However, even this spgoddkigned tool was incapable of
clearly understanding or detecting mistyped sdienmimes, which can result in, for

example, a duplicate occurrence of a taxon.

There is a fourth conclusion of this thesis whidmped out that implementations of
taxonomic database management systems have alscteego promote an effective
data entry validation routine or appropriate irded and algorithms that could be
recognized effectively as contributing to a “taxomo intelligent” database program. In
other words, taxonomic databases need to incompeftdctively the “intelligence”
needed not just to promote, for example, the retexkintegrity of their related tables,
but also the “intelligence” necessary to promoterell data quality. Again, it
necessarily involves an accurate knowledge ofdakenomic information chairfor the

same reason, taxonomic databases should incorgheasame “intelligence” when
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requested to deliver information to the generallipubet us examine the following

examples:

List of 0 names matching "vycia faba"
Status Name

There are no scientfic names matching your encuiry.

Please edit your search text wycia fabe mdw
Figure 42 — Example of a query to the ILDIS databas e
Figure 42 represents a query to the ILDIS databeetesite (LegumeWeb), using a
misspelling of the scientific namécia faba Despite the existence of data\dicia

fabain the ILDIS database, a simple misspelled reqwékteturn no names.

1
ﬁ Search on www.nybg.org
Search in: | Bahia - Buided Search

]
L
For: |cesalpinia echinata !.‘%!M

Search found 0 documents from 149 searched. More m indicates better match.

Figure 43 — Example of a query to the New York Bota  nical Garden Database

Figure 43 represents a query to the New York Botdribarden Database Web Service
and, despite the existence of dataCaesalpinia echinateagain the query using a

simple misspelled name will return no data at all.
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These two examples are used here to illustratalikence of “intelligence” in these
interfaces or, more precisely, the incapacity efititerface to recognize the intention

behind the operation performed by the user.

Fortunately, recently implemented web search emsgimaee adopted a better approach
for misspelled queries. The Taxonomic Search Engtigure 44), implemented by Rod
Page as a test bed for a web service approachkiecafing taxonomic name databases

(http://darwin.zoology.gla.ac.uk/~rpage/porntdias implemented recently what he calls

a “did you mean” feature, using a Google ARtg://www.google.com/apis/index.htjnl

to recognize misspelled queries (Figure 45).

Taxonomic Search Engine - Mozilla Firefox

Eile  Edit “iew Go Bookmarks Toolz Help

<::| - I_: - @ @ ||_, hittp: /fdanwin.zoolagy. ala. ac.uk/ ~1page/portal!

Gooale Search: wwoia faba || Tazonomic Search Engine

Taxonomic Search Engine

Federating taxonomic databases using web services

=

Search for |vyciafaba Go

v Suggest alternative spellings?

Did you mean: vicia faba
Click on a result below to see full details in the lower frame
id Name Authors Rank Kingdom Status DEDate
@ﬁ' ITIS searchad in 3.254 saconds
@_I:@ Index Fungorum searched in 0,972 secands
27 IPNI searched in 0,334 seconds
‘s uBio searched in 0,361 seconds

x('_f NCBI taxonomy searched in 1,222 seconds

Figure 44 — Rod Page’s Taxonomic Search Engine inte  rface and its “did you mean”
feature
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(5] Google Search: vycia faba - Mozilla Firefox
File  Edit “iew Go Bookmarks Toolz Help

r
<:| v I_| - @1 @ | hitp:/ v, google. co. uk/ search?hl=enkg=vycia+fabakbinG =Google+Search

Web Images Groups MNews more »

‘ ;OL)g[e |vcia faba Search ﬁpif;':'::::egemh

Search: @ the web © pages fram the UK

Web
Didyou mean: vicia faba

o Principles of Data Quality

File Format: PDFAAdobe Acrobat - Wiew as HTML

Page 1. DRAFT Principles of Data Quality Version 1.0 Sept. 2004 1 Principles

of Data Quality Arthur D. Chapman 1 Report prepared ...

circa.ghif.net/. /meetings/2004_wellington/ consultative_drafts/consultation_principles_1/_EN_1.0_&a=d

Figure 45 — Google API for misspelled queries inac  tion

The results of the experiments carried out on @rafitlead to the fifth and sixth related
conclusions as well. The fifth conclusion is thatny spelling errors in taxonomic
databases can be automatically detected; andxtie giat the algorithms available to

detect spelling errors in scientific names musinygroved.

The results of the experiments performed on chaplteve clearly demonstrated that,
using algorithms to detect string similarity andgogrform string manipulation, it is
possible to detect and pick out pairs of namesdtiahgly suggest a duplicate
representation of a single taxon. However, theiagmt number of occurrences of
“false alarm” behaviour, and the relationship beswéhe “hit” and the “false alarm”
behaviour suggest that the algorithms used inxpereament, based on their originally
published definitions, can be adapted in orderaiadte scientific names with better
performance and efficiency. This is particularlyetfor phonetic similarity algorithms

since they were originally developed to handlertames of people.

As a final conclusion, data quality as appliedaxonomic databases needs significantly

more studies in order to cover all the aspecth@faxonomic information chajrand an
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taxonomic data domaingven those definitions, proposed here in thetéichscope of
this thesis must be explored by future studiesyder to support forthcoming
developments in taxonomic databases which willotiffely improve the data quality in

taxonomy.

10.2. Recommendations

Based on the conclusions above, we can point euiblfowing recommendations:

10.2.1. General recommendations for knowledge worke  rs
and database administrators

1. Setting up a proper taxonomic database is novialttask and its complexity
should not be underestimated by knowledge workersyen by the information
technology workforce. Database modelling, attritdgénitions, data flow
process, interface design, etc. must be developédhaplemented with data
quality issues in mind;

2. In view of the fact that every database is pronertor, knowledge workers
must bear in mind that they should not rely uncaity on taxonomic databases
or their automatically generated products as rididhata sources for critical
assessments or decisions without careful considaraf their reliability;

3. Taxonomic database projects should have data gyaliicies and must
incorporate data quality assessment and improveprenedures in their

operational routine. Examples:
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a. Data quality assessment and improvement must ievaivnary data
sources;

b. Data producers must be trained to gather informaamprecisely,
accurately and completely as possible;

c. Data intermediaries should be trained in basic eptscof taxonomy in
order to be more sensitive to issues about inhelatat quality;

d. Data producers and knowledge workers should bevedadn database
design, especially in data modelling and interfdesign;

4. Taxonomic database management systems must inateptata entry and data
request validation routines and become more “taxocally intelligent”;

5. Taxonomic databases with public access, espetiabe with access through
the Internet, must adopt data quality indicatorsruher to make it possible for
end users and knowledge workers to evaluate trabiigly of the data;

6. Taxonomic databases should take advantage of itieéstn of experts in order
to contribute to further data quality improvemd®ablication should not be
delayed until the database is considered as agnodluct. In this case, the
taxonomic database interface should provide a m@eaascept, manage and

incorporate feedback from contributors.

10.2.2. Recommendations for further research

1. The processes involved in taxonomic data acquisitiwanipulation, storage and
usage, here called th@xonomic information chajrmust be a focus of further
studies in order to establish a solid framework igtdata quality concepts and
techniques can be applied and evaluated, in oodeddress data quality issues

in taxonomic databases;
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. The concepts of Taxonomic Data Quality Dimensiam Baxonomic Data
Domains should be further validated by other pcattpplications in the “real
world”;

. The aspects of the “pragmatic data quality” of texmic databases, not deeply
considered in this thesis, must be investigatddrimer research, in order to
establish a complete understanding of data quadity affects the acquisition,
storage, delivery and usage of taxonomic infornmatio

. Spelling error algorithms should be improved inesrtb better handle the
characteristics of scientific names and taxonomimenclature;

. The applicability of spelling error algorithms asoal for data quality
assessment and data defect detection should led tggh other types of
taxonomic data, such as authority names, biblidgcargferences, geographical
data (place names), etc.;

. Automated correction techniques, not considerethmthesis, should be
explored, perhaps using the concepts of taxonoate domains and taxonomic
error patterns described in this thesis;

. Data quality certification for taxonomic databashkeuld be discussed,
developed and proposed by an independent orgamzatiorder to promote the
overall data quality of taxonomic databases anddhbegnition of reliable

taxonomic information sources;
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Appendix | - List of species with invalid character S
Glossary :

POS — Position of error

S — Species

G - Genus

T — True for the Database

CNIP - Brazilian Northeast checklist Database

PMA — Brazilian Atlantic Rain Forest Database

ILDIS — International Legume Database & Information Service Database

MARINE - Marine Invertebrates of New Zealand Database

SP2K — Species 2000 Database

GENUS SPECIES POS | CNIP | PMA | ILDIS | MARINE | SP2K
Abrus sp.A S T

Abrus sp. S T

Acacia sp.133 S T

Acacia sp.2 S T

Acacia sp.C S T

Acacia sp.D S T

Acacia sp.F S T

Acacia sp.132 S T

Acacia sp.131 S T

Acacia cf. langsdorfii S T

Acacia sp.E S T

Acacia sp. aff. riparia S T

Acetobacter (subgen.Acetobacte | aceti G T
Acetobacter (subgen.Gluconoace | liquefaciens G T
Adenocalymma aff reticulatum S T

Aeschynomene sp.B S T
Aeschynomene sp.F S T
Aeschynomene sp.G S T
Aeschynomene sp.nr.bella S T
Aeschynomene sp.E S T
Aeschynomene sp.D S T
Aeschynomene sp.aff.mimosifolia S T
Aeschynomene sp.C S T
Aeschynomene sp.A S T
Aeschynomene sp.H S T
Alysicarpus sp.A S T
Amorpha sp.1 S T
Ampharetid n.d. S T
Amphimas sp. S T
Angostura cf.odoratissima S T

Angylocalyx Sp. S T

Annona aff. montana S T

Anthonotha sp.A S T
Argyrolobium spp.1 S T

Aricidea Allia-Sp. S T
Aricidea Acesta-Sp.2 S T
Aspidosperma cf. illustre S T
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Aspilia cf. cupulata S

Asplundia aff. maximiliani S T

Astragalus sp.1 S T
Athenaea sp. 1 S

Axiopsis n.sp S T
Baccharis cf. rivularis S

Balanus (Megabalanus) linzei G T
Balanus (Solidobalanus) auricoma G T
Baphia sp.B S T
Bauhinia sp. 1. S

Beania inermis cryptophragma S T
Berlinia sp.1 S T

Berlinia sp. S T
Blechnum cf.regelianum S T

Bolusia sp. S T
Brachystegia sp.cf.bakeriana S T
Brachystegia sp.nr.russelliae S T
Calliotropis pelseneeri rossiana S T
Calophaca sp.1 S T
Camptosema aff.coccineum and pedicellatum | S

Camptosema sp. aff. coriaceum S

Cassia sp.A S T

Cassia sp.B S T
Cayaponia cf.pilosa S T

Cayaponia cf.tayuya S T

Cecropia cflyratiloba S T

Ceradocus rubromaculatus haumuri S T
Ceradocus rubromamulatus haumuri S T
Cestrum cf. viminale S

Cestrum aff.sessiliflorum S T

Chamaecrista cf. nictitans S

Chaperiopsis (Clipeochaper chathamensis G T
Chesneya sp.1 S T
Chlamys gemmulata radiata S T
Chryso-Hypnum diminutivum G T

Chusquea aff tenella S T

Chusquea aff.oxylepis S T

Coelorhynchus (Oxymacrurus bollonsi G T
Coelorhynchus (Oxymacrurus cookianus G T
Colossendeis megalonyx megalonyx S T
Cominella adspersa melo S T
Conyza cf. bonariensis S

Copaifera sp.1 S T

Cordyla sp.A S T

Cordyla sp.C S T

Cordyla sp.B S T

Cordyla sp. S T

Costus aff.spiralis S T

Crotalaria cf. incana S

Crotalaria sp. aff. breviflora S

Crotalaria sp. S T

Crudia sp.A S T
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Cryptocarya aff.hamosa S T

Cupania Sp. near paniculata S T

Cupania cf. revoluta S T

Cupania sp. near oblongifolia S T

Cymatona kampyla delli S T
Cynometra sp.A S T
Cynometra sp.B S T

Cyperus aff. meyenianus S T

Dalbergia sp.1 S T
Dalbergia sp.A S T
Dalbergia aff. catingicola S T

Dalbergia sp.B S T
Dalbergia Sp.nr.macrosperma S T
Dalbergia sp.nr.pachycarpa S T

Dallina new.sp. S T
Daniellia Sp. S T

Derris sp.2 S T

Derris sp.1 S T
Diacranthera cf. crenata S T

Dialium sp. S T
Dichorisandra cf.pubescens S T

Dichrostachys sp.A S T

Didelotia sp. S T

Dioclea sp.11722 S T

Dioclea sp.9068 S T

Ditassa cf. oxyphylla S T

Dolichos sp.B S T

Dolichos sp.C S T

Dolichos sp.A S T
Dorstenia aff turneraefolia S T

Droogmansia cf.whytei S T
Elephantorrhiza sp.1 S T
Emarginula n.sp S T
Erythrina sp.2 S T
Erythrina sp.cf.E.buesgenii S T
Erythrina sp.A S T
Erythrina sp.1 S T
Erythrophleum sp.1 S T

Estea subfusca aupouria S T
Eunice n.d. S T
Fenestrulina malusii pulchra S T
Fenestrulina malusii incompta S T
Galactia aff. remansoana S T

Galactia sp.1 S T

Galega sp.1 S T
Gaylussacia aff fasciculata S T

Geonoma aff.luetzelburghii S T

Geonoma aff fiscellaria S T
Gilbertiodendron sp.aff.G.dewevrei S T
Gilbertiodendron sp.A S T
Globocassidulina Crassa rossensis rossens S T
Glycyrrhiza sp.1 S T
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Goniada aff. brunnea S T
Guatteria cf. candolleana S

Gymnangium gracilicaule/armatum S T
Gyrothyris forma.chathamensis S T
Haematoxylum sp.1. S T
Heliconia aff lacletteana S T

Heliconia aff.spatho-circinada S T

Hippothoa divaricata pacifica S T
Holothuria (Halodeima) atra G T
Holothuria (Halodeima) edulis G T
Holothuria (Lessonothuria) paradalis G T
Holothuria (Mertensiothuri dofleini G T
Holothuria (Mertensiothuri leucospilota G T
Holothuria (Mertensiothuri pervicax G T
Holothuria (Microthele) nobilis G T
Holothuria (Microthele) fuscogilva G T
Holothuria (Platyperona) difficilis G T
Holothuria (Stauropora) dofleini G T
Holothuria (Stauropora) pervicax G T
Holothuria (Thymiosycia) impatiens G T
Holothuria (Thymiosycia) arenicola G T
Holothuria (Thymiosycia) hilla G T
Holothuria (Vaneyothuria) uncia G T
Holothuria (Vaneyothuria) neozelanica G T
Humularia sp.nov.aff.kassneri S T
Huperzia cf.dichotoma S T

Hyalinoecia aff. tubicola S T
Hyalinoecia tubicola longibranchiata S T
Hymenocarpos sp.1 S T
Hymenophyllum cf.polyanthos S T

Hymenostegia sp. S T
Hypolytrum aff.schraderianum S T

Hypopterygium aff.tamariscinum S T

Ichnanthus cf. riedelii S

llex cf. brevicuspis S

Indigofera sp.aff.amitinae S T
Indigofera sp.aff.volkensii S T
Indigofera sp.C S T
Indigofera sp.3234 S T
Indigofera sp.A S T
Indigofera sp.94 S T
Indigofera sp.93 S T
Indigofera sp.92 S T
Isocladus Isocladus sp. S T
Justicia cf. thunbergioides S

Kotschya sp.A S T

Lathyrus sp.1 S T

Lathyrus spp.1 S T

Leandra cflaxa S T

Leandra cf.gracilis S T

Leandra cf.sylvestris S T

Lenibiana [sic] tubicila G T
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Lepidophyllum cf.radicale S T

Leucaena sp.1 S T

Licaria aff reitzkleiniana S T

Limatula japonica delli S T
Limatula powelli powelli S T
Lonchocarpus sp.2 S T
Lonchocarpus sp.1 S T
Lotononis spec. S T

Lotus sp.1 S T
Machaerium sp.1 S T
Machaerium cf. angustifolium S

Maldane sarsi antarctica S T
Maoricolpus roseus manaukauensis S T
Maoricolpus roseus manukauensis S T
Marlierea aff.teuscheriana S T

Medicago sp.1 S T
Merostachys aff ternata S T

Meteuthria multituberculata rossian S T
Miconia aff.ibaguensis S T

Miconia cfjucunda S T

Microgramma cf.crispata S T

Mikania aff. myriantha S T

Mikania cf. hemisphaerica S

Millettia sp.A S T

Millettia sp.3 S T

Millettia sp(leucantha) S T

Millettia sp.1 S T

Millettia sp.2 S T

Mimosa aff. adenophylla S

Monopetalanthus sp.C S T
Monopetalanthus sp.B S T
Monopetalanthus sp. S T
Moroteuthis [6nnbergii S

Mucuna sp.3 S T

Mucuna sp.2 S T
Mundulea sp.1 S T
Nectandra aff.leucantha S T

Neilo wairoana delli S T
Nidularium aff.rosulatum S T

Ocotea cf.velloziana S T

Oncidium aff lietzei S T

Ononis sp.1 S T

Onykia appellofi S

Ophiactis abyssicola var.cuspidata S T
Ormocarpum sp.5 S T
Ormocarpum sp.B S T
Ormocarpum sp.6 S T
Oxystigma sp. S T
Palicourea aff. mansoana S T

Panicum aff.nervosum S T

Perknaster sladeni sladeni S T
Persea aff.venosa S T
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Persea cf.pyrifolia S T
Persea aff.americana S T
Phonicosia circinata. S

Phylo felix Kinberg S

Piptadenia cf. viridiflora S

Pleurothallis aff.hamosa S T
Polhillia sp.A S T
Pouteria aff. microstrigosa S T
Prockia Crucis. S

Prosopis sp. S T
Pteraster stellifer hunteri S

Pterocarpus sp.1 S T
Pueraria sp.4 S T
Pueraria sp.3 S T
Pueraria sp.2 S T
Pueraria spp.1 S T
Pueraria sp.1 S T
Quesnelia cf lateralis S T
Rhynchosia sp.A S T
Rhynchosia Sp.nov. S T
Rhynchosia sp. S T
Rhynchosia sp.B S T
Ruellia cf. geminiflora S

Sabicea aff.cinerea S T
Salvinia aff.auriculata S T
Schotia sp. S T
Scoloplos marginatus mcleani S

Scorpiurus sp.1 S T
Scutochaperia serrata biporosa S

Sebastiania aff klotzschiana S T
Securigera sp.1 S T
Seila (Hebeselia) regia G

Sepia appellofi S

Serjania cf.sylvestris S T
Serjania sp. cf. salzmanniana S

Serjania cf. paradoxa S

Sicydium cf.deltoides S T
Solanum aff. distichophyllum S

Solanum aff.schizandrum S T
Solanum aff.glomuliflorum S T
Solanum aff.convolvulus S T
Solaster aff. japonicus S

Sophronitis aff.grandiflora S T
Sophronitis aff. mantiqueirae S T
Sorocea aff.hilarii S T
Sorocea aff.guilleminiana S T
Sphagnum aff.erythrocalyx S T
Sutherlandia sp.1 S T
Talisia cf. guianensis S

Tephrosia sp.A S T
Tephrosia sp.1 S T
Terebratulina n.sp S
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Tontelea aff.riedeliana S

Tosarhombus n.sp S

Trachypogon Ness. S T

Travisia olens novaezealandiae S

Trichilia aff.venosa S

Trifolium sp.A S T
Unonopsis aff. stipitata S T

Vernonia aff.puberula S

Vernonia cf. scorpioides S T

Vicia sp.A S T
Vigna sp.C S T
Vigna sp.B S T
Wedelia cf. villosa S T

Xylopia cf. frutescens S T

Xylopia aff. lanceolata S T

Zornia ?gemella S T
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Appendix Il - List of “wrong letter” and “transposi

detected

A <-> L
Aotus nollis
Lotus nmollis

C<->D
Ci physa robi ni oi des
Di physa robi ni oi des

C<->0G
Codonophi l us i nbri cat us
Godonophi l us i nbri cat us

H<-> K
Hol ost oneur a novaezel andi ae
Kol ost oneur a novaezel andi ae

| <->J
| ant hi na exi gua
Jant hi na exi gua

a<->¢
Davi esia striata
Davi esia stricta

Trifoliumstriatum
Trifoliumstrictum

a<->e
Cent rol obi um ni crochaet a
Cent rol obi um ni crochaet e

Si da gal hairensi s
Si da gal heirensis

Escharoi des praestita
Escharoi des praestite

Euni ce tridentata
Eunice tridentate

G obigerinella aequilateralis
G obigerinella aequilaterelis
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G ycera tessal ata
G ycera tessel ata

Hyal a rubra
Hyal e rubra

Mal | uvi um cal car eus
Mal | uvi um cal cer eus

Mel ar hapha cincta
Mel ar haphe cincta

Mel ar hapha ol iveri
Mel ar haphe ol iveri

Met avar gul a mazari
Met avar gul a mazeri

Par awal decki a parata
Par awel decki a parata

Par awal decki a t honsoni
Par awel decki a t honsoni

Pari dot ea ungul at a
Pari dot ea ungul at e

Sol etellina siliqua
Sol etellina silique

a <->h
Br achi ot eut hi s beani
Br achi ot eut hi s behni

a<->i
Jacar anda nacr ant ha
Jacar anda mi cr ant ha

Bauhi ni a macrost achya
Bauhi ni a ni crostachya

Cal l'i andra macrocal yx
Cal l'iandra microcal yx

Lant ana nacrophylla
Lant ana ni crophyl |l a

Chl anys ki waensi s
Chl anys ki wi ensi s

Pagur us spanul i manus
Pagur us spi nul i manus

Par anmpbera rangatira
Par anoera rangitira
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Resani a | anceol at a
Resi nia | anceol ata

Sertella fragida
Sertella frigida

Ar gyr ol obi um macr ophyl | um
Ar gyr ol obi um mi crophyl | um

Crotal ari a nacrocar pa
Crotal aria microcarpa

Det ari um macr ocar pum
Det ari um ni crocar pum

D physa nmacrophyl |l a
D physa ni crophylla

I ndi gof era nmacrant ha
I ndi gofera nicrant ha

I ndi gof era macrocal yx
I ndi gofera microcal yx

Kennedi a nmacrophyll a
Kennedi a mi crophylla

Machaeri um macr ophyl | um
Machaeri um m crophyl | um

M nosa macrocephal a
M nosa mi crocephal a

Rhynchosi a nacr ant ha
Rhynchosi a ni crant ha

Scl er ol obi um macr opet al um
Scl er ol obi um m cropet al um

Swart zi a macrocar pa
Swart zia microcarpa

Tephr osi a nmacr ant ha
Tephrosi a mcrant ha

Trifolium macrocephal um
Trifoliumm crocephal um

Astronest hes macropogon
Astronest hes m cropogon

Bat hyt roct es nacrol epi s
Bat hytroctes nicrol epis

Curi mat opsi s nacrol epi s
Curi mat opsi s nicrol epis

I mpar finis macrocephal a
I mparfinis mcrocephal a

Mori ngua macr ochi r
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Mori ngua mi crochir

Rhynchacti s macrot hri x
Rhynchactis mcrothrix

a<->m
Mycopl asma auri s
Mycopl asma nuri s

a<->o0
Cal ea vill osa
Col ea vill osa

Cal opogoni um caer ul eum
Cal opogoni um coer ul eum

Li si ant hi us caerul escens
Li si ant hi us coerul escens

Mani hot caer ul escens
Mani hot coerul escens

Si maba mai ana
Si maba noi ana

Sol anum caavur ana
Sol anum coavur ana

Spar at t ant hel i um bot ocudar um
Spar at t ant hel i um bot ocudor um

Ast rononi an novozeal andi cum
Ast rononi on novozeal andi cum

Aul aconya nmori ana
Aul oconya nmori ana

Lunbri neri s aot ear oae
Lunbri neri s aoteoroae

Mal | acoot a subcari nata
Mal | ocoot a subcari nata

Modi ol us ar eal at us
Modi ol us ar eol at us

Modi ol us ar eol at us
Modi ol us ar eol ot us

Navi cul a tranpii
Navi cul a tronpii

Not ost anus west er gr eni
Not ost onus west er gr eni

Pseudobal eti a i ndi ana
Pseudobol eti a i ndi ana
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Pycnogonum r hi nocer as
Pycnogonum r hi nocer os

Si gnmadoci a glacialis
Si gnodocia glacialis

a<->q
Lept ochi t on i nqui nat us
Lept ochi t on i nqui nqt us

a<->s
Tawer a spi sa
Tawer a spi ss

I nga brachystachya
I nga brachystachys

Borreria acabi osoi des
Borreria scabi osoi des

Cer eus aguanosus
Cer eus squanosus

Par aphoxus wai piro
Par sphoxus wai piro

a<->u
Not opandal us nagnocul us
Not opandul us nagnocul us

Par apeneus bi fasci atus
Par upeneus bi fasci atus

Phoxocephal as regi um
Phoxocephal us regi um

Zegal erus tenuis
Zegul erus tenuis

Astragal us | ari stanicus
Astragal us |uristanicus

Crotalaria | anata
Crotal aria | unata

Lupi nus barkeri
Lupi nus burkeri

Machaeri um | anat um
Machaeri um | unat um

Hapl ochroni s barton
Hapl ochroni s burton
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a<->y
Pyrgo nurrhana
Pyrgo murrhyna

a<->7z
Pect en novaezel andi ae
Pect en novzezel andi ae

b <->g¢g
Genypt erus bl acodes
Genypt erus gl acodes

Scut us brevicul us
Scutus grevicul us

Total: 2

b <->h

Sphaer oi di nel | a debi scens
Sphaer oi di nel | a dehi scens

b <-> k
Adamnussi um col beck
Adamnussi um col keck

b <-> |
Clidem a bul bosa
Clidem a bull osa

b <->n
Fi ssi dental i um zel abdi cum
Fi ssi dental i um zel andi cum

b <->p
Astragal us becki
Astragal us pecki

b <->r
Astragal us har bi soni
Astragal us harri soni

b <->s
Lani ci des bil obat a
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Lani ci des sil obata

b <->1t
M nosa brachycar pa
M nosa trachycarpa

Lycenchel ys al ba
Lycenchelys alta

b <->v
Romanchei na bari ca
Romanchei na varica

c <->e
Archacopsi s ranuscul us
Ar chaeopsi s ranuscul us

Neobucci num eat oni
Neobucei num eat oni

Not opl ax vi ol acca
Not opl ax vi ol acea

Littorina coccinca
Littorina cocci nea

Maur ca bl acki
Maur ea bl acki

c <->9q
Act aeci a euchroa
Act aeci a eughroa

Laf oensi a cl ypt ocar pa
Laf oensi a gl ypt ocar pa

cC <->m
Met r odor ea caracasana
Met r odor ea nar acasana

cC <->n
Seguenzi a cocopi a
Seguenzi a conopi a

Senna cana
Senna nana

Tephrosi a cana
Tephr osi a nana
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c <->p
Hybant hus i pecacuanha
Hybant hus i pepacuanha

Atherinella callida
At herinella pallida

c <->q
Pal | enopsi s oblicua
Pal | enopsi s obliqua

C <->7

Leporinus octonacul at us
Leporinus ortonacul at us

C <->5s
Call oria inconspi cua
Call oria insonspi cua

Peni on aducta
Peni on adusta

Par anyxi ne cheni
Par anyxi ne sheni

cC <->v
Astacilla levis
Astavilla levis

d <>g
Li cani a ridida
Li cania rigida

d <->nh
Par adexam ne pacifica
Par ahexam ne pacifica

d <->j
Mel anphaes danae
Mel anphaes j anae
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Piriqueta duarteana
Piriqueta quarteana

d <->r
Schi stura prashadi
Schi stura prashari

d <->s
Li mat ul a hodgdoni
Li mat ul a hodgsoni

d <->t
Dyckia dissidiflora
Dyckia dissitiflora

Chondrost oma duri ense
Chondrostonmm turiense

e <->f
Oxal i s neuw edi
Oxal i s nfuw edi

e <-> |
Mayt enus brasilienses
Mayt enus brasiliensis

Lagenocar pus gui anenses
Lagenocar pus gui anensi s

Pi pt adeni a noni | i fornes
Pi pt adenia nmoniliforms

St achyt arpheta |l ychnites
St achyt arpheta lychnitis

Cylichna thetides
Cylichna thetidis

Het er onol padi a marenzel | eri
Het er onol padi a marenzel liri

M cropora coreacea
M cropora cori acea

Pl ocami um cartil agi neum
Pl ocam um cartil agi ni um

Tri chophoxus capel | atus
Tri chophoxus capill atus

Total: 9
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e <-> |
Cuspidaria trailei
Cuspidaria traill

Ur ot hoe eli zae
Ur ot hoe eliza

e <->0

Kol est oneur a novaezel andi ae
Kol ost oneur a novaezel andi ae

Mysi det es pest hon
Mysi det es post hon

Gst hinosia m |l eporoides
Gst hi nosia mi || oporoi des

Sertella hippocrepis
Sertella hippocropis

Tel epora digitata
Tel opora digitata

Thyasira peroni ana
Thyasira poroni ana

Neol anpr ol ogus | el eupi
Neol anpr ol ogus | el oupi

Anti sol ari um egenum
Anti sol ari um ogenum

e <->s
Conus sponealis
Conus sponsalis

Total: 1

e <->t
Hrtella eriandra
Hrtella triandra

e <->u
Cylichna thetides
Cylichna thetidus

MIllettia peguensis
MIllettia puguensis

f <>t
St auronerei s i ncerfus
St auronerei s i ncertus
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Laeviliforina caliginosa
Laevilitorina caliginosa

f <->v
Sacci ol epi s vil foides
Sacci ol epi s vil voi des

g <->4q
Phi | odendron propi nguum
Phi | odendron propi nquum

Adel ascopora j egol qa
Adel ascopora j eqol qa

Fenestrul i na exi gua
Fenestrul i na exi qua

Terebratel |l a sangui nea
Terebratel |l a sanqui nea

Vi bilia propingua
Vi bilia propinqua

h <-> i
Astraea heliotrophum
Astraea heliotropi um

h <-> |
Andi ra handr oana
Andi ra | andr oana

h <->n
Amal da bat ham
Amal da bat nam

Carahgolia puliciforms
Carangolia puliciforms

Com ssi a horfol kensi s
Comni ssi a norfol kensi s

M crosetel |l a horvegi ca
M crosetel |l a norvegi ca

Scyphax orhat us
Scyphax ornat us
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Xymene pl ebei us
Xymene pl ebej us

Artedi el |l us gonoi unovi
Artedi el |l us gonoj unovi

i <->|
Bauhi ni a vespertilio
Bauhi ni a vespertillo

Corycaeus fiaccus
Corycaeus flaccus

Rhonbosol ea pi ebei a
Rhonbosol ea pl ebei a

i <->n
Divaricella huttoni ai a
Di varicel |l a huttoni ana

i <->o0
Epi gi ni cht hys hectori
Epi goni cht hys hectori

Macr ochi ri dot hea unci nat a
Macr ochi r odot hea unci nat a

Monodi | epas nmonilifera
Monodi | epas nmonolifera

Pal | i um ci nvexum
Pal | i um convexum

Pl ani spi ri noi des buccul enta
Pl ani spi ronoi des buccul ent a

Torri di har pi ni a hurl eyi
Torri dohar pi ni a hurl eyi

Ur ot hoe wel | i ngt onensi s
Ur ot hoe wel | ongt onensi s

i <->r
Capi oni nus abbrevi at us
Capr oni nus abbrevi at us

i <->'s
Tephrosia cl enmentii
Tephrosia clenentis

Total: 1
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i <->t
Phoni cosi a circinata
Phoni costa circinata

Synodonti s budgeti
Synodonti s budgetti

i <->u

Spar at tant hel i um ti pi ni qui nor um
Spar at t ant hel i um t upi ni qui nor um

Anphi t hyri s bi spi nosus
Anphi t hyrus bi spi nosus

Ar gobucci num ti m dum
Ar gobucci num t unm dum

Bal anus trigonis
Bal anus trigonus

Clibanarius humlis
dibanarius hum | us

Cylichna thetidis
Cylichna thetidus

Haliris setosa
Hal i rus setosa

Hem aul i s haucki i
Hem aul us haucki i

Hem aul i s sinensis
Hemi aul us si nensis

Pri onocrangon curvicaulis
Pri onocrangon curvi caul us

Soletellina siliqua
Sol etel li na suliqua

Trochus viridis
Trochus viridus

i <->vy
Eugeni a tinguiensis
Eugeni a tinguyensis

Acaci a pi auhi ensi s
Acaci a pi auhyensi s

Aeschynonene histrix
Aeschynonene hystri x

Bauhi ni a cui abensi s
Bauhi ni a cuyabensi s
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Beyri chi a oci noi des
Beyri chi a ocynvoi des

Clitoria guianensis
Clitoria guyanensis

Hi er oni ma obl onga
Hyer oni ma obl onga

Maprounea gui anensi s
Maprounea guyanensi s

Mouriri gui anensis
Mouriri guyanensis

Pour ouma gui anensi s
Pour ouma guyanensi s

Psi di um guai ava
Psi di um guayava

Pycreus polistachyos
Pycreus pol ystachyos

Rapanea gui anensi s
Rapanea guyanensi s

St yl osant hes gui anensi s
St yl osant hes guyanensi s

Capparis ico
Capparis yco

Vicia silvatica
Vicia sylvatica

j <->Kk
Cellarinella rogicjae
Cel larinella rogickae

jo<->t
Sertella projecta
Sertella protecta

k <-> 1|
Haur aki a hutton
Haur al i a hutton

k <->s
Pi el odel | a neeki
Pi el odel | a neesi
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| <->m
Strept onyces al bof aci ens
Strept onyces anbof aci ens

Total: 1

| <>
Streptonyces |inobsus
Strept onyces rinosus

Total : 1

| <->1t
Lyrei dus tridental us
Lyrei dus tridentatus

Mytilus edulis
Mytilus edutis

Astragal us col t oni
Astragal us cottoni

Astragal us | oanus
Astragal us toanus

| <->v
Inga lallensis
Inga vallensis

m<->n
Epi dendr um ci nnabari num
Epi dendr um ci nnabari num

Cor bul el I a spi nosi ssi ma
Cor bul el I a spi nosi ssi na

Dosi ni a | anbat a
Dosi ni a | anbat a

Escalima regularis
Escalina regularis

Tremat onus | oennberg
Tremat onus | oennber gi

Li t hophaga masuta
Li t hophaga nasuta

m<->s
Sol anum sti pul aceum
Sol anum st i pul aceus

Tri pogon spi cat um
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Tri pogon spi cat us

Ar coscal pel | um peduncul at um

Ar coscal pel | um peduncul at us

Fusitriton magel | ani cum
Fusitriton magel | ani cus

Mal | uvi um cal car eum
Mal | uvi um cal car eus

Ci chl asonm or nat um
Ci chl asoma or nat us

Chaet oceros secundum
Chaet ocer os secundus

m<-> u
Corella emyot a
Corell a eunyota

n<->p
M nosa nigra
M nosa pigra

Total: 1

n<->r
Het er onandoa cari nat a
Het er onar doa cari nat a

Maur ea turneranum
Maur ea turnerarum

Mconia nimalis
Mconia rimalis

Portul aca el ati on
Portul aca el ati or

I socl adus nmgel | ani cus
I socl adus nmgel | ari cus

Not opl i t es vanhof f eni
Not opl i tes vanhofferi

Macrochi ri dot ea unci nat a
Macrochi ri dot ea urcinata

Orchestia wai puna
Orchestia wai pura

Par awal decki a schel | enber gi
Par awal decki a schel | er ber gi

Li manda beani
Li manda beari
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n <->u
Conbr et um anfract uosum
Conbr et um auf r act uosum

Lupi nus sericens
Lupi nus seri ceus

Landeri a annul at a
Lauderi a annul at a

Cl ausocal anus i ngens
Cl ausocal anus i ngeus

| sognonmon per na
| sognonon perua

0 <->r
Agl aophanus macour a
Agl aophanus macrura

0 <->u
Not opandul us nagnocol us
Not opandul us nagnocul us

Astragal us ankyl ot os
Astragal us ankyl ot us

Ti |l api a canmeronensi s
Ti |l api a camerunensi s

p <->r
Cant hari dus capil aceus
Cant hari dus caril aceus

p<->s
Machaeri um par aense
Machaeri um sar aense

r <->s
Tetraclitella purpurarcens
Tetraclitella purpurascens

r <->t
Canpyl aspi s antarctica
Canpyl aspis antatctica
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Leptonya retiaria
Leptonya retiatia

Cel l ari a aurorae
Cel l ari a aurotae

Smittina crenocondyl a
Smittina ctenocondyl a

Astragal us amarus
Astragal us amat us

Strept onyces viol arus
Strept onyces viol at us

Total: 6

r <->v
H ppononarel l a fl exuosa
H ppononavel | a fl exuosa

Sthenol epis laeris
St henol epi s | aevi s

s <->t
Lupi nus soratensis
Lupi nus toratensis

s <-> 2
Gal | esi a gorasena
Gal | esi a gorazena

Centrosenmn brasilianum
Centrosema brazilianum

t <->v
Astragal us curtipes
Astragal us curvi pes

t <->vy
Triptertgion varium
Tripterygi on varium

Total: 1

uc<->y
Fl eurya aestuans
Fl eurya aestyans

Rhi psal i s cassut ha
Rhi psal i s cassyt ha

M crocyt herura crassa
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M crocyt heryra crassa

vV <->y
Al veol ophragm um j ef f revsi
Al veol ophragm um j ef f reysi

Total : 1

ac <-> ca
Cadul us del i actul us
Cadul us del i catul us

Ciliacea dol orosa
Cilicaea dol orosa

Onacea conifera
Oncaea conifera

ae <-> ea
Ebalia | aevis
Ebalia | eavis

Phol adi dea acher ont ae
Phol adi dea acher ont ea

ag <-> ga
Longi mactra el onagta
Longi mactra el ongata

Total: 1

ai <->ia
Maconona |il ai na
Maconona |iliana
Tellina lilaina
Tellina liliana

Trochosodon npbsai cus
Trochosodon npsi acus

al <->1la
Atrina zeal ndi ca
Atrina zel andi ca

Bar bati a novaezeal ndi ae
Bar bati a novaezel andi ae

Chal nys cel ator
Chl anys cel ator
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Chal nys taiaroa
Chl anys taiaroa

Endei s australis
Endei s austrlais

Lucicutia falvicornis
Lucicutia flavicornis

Moni a zeal ndi ca
Moni a zel andi ca

Pect en novaezeal ndi ae
Pect en novaezel andi ae

Si gapat el | a novaezeal ndi ae
Si gapat el | a novaezel andi ae

Tri pl ophysa al ticeps
Tri pl ophysa | aticeps

Total : 10

ar <->ra

Ommat ocar ci nus macgil li varyi
Ommat ocar ci nus macgil |i vrayi
Total: 1

au <-> ua
GCstrea sinnauta
OGstrea sinnuata

Cr <->rcg¢
Nect ocar ci nus antacrticus
Nect ocar ci nus antarcticus

H atella acrtica
H atella arctica

Macropora grandi s
Mar copora grandi s

ei <->ie
Mesosagi tta deci peins
Mesosagitta deci pi ens

el <->le
Styela plicata
Stylea plicata

Trachyl eberis lytteltonensis
Trachyl eberis lyttletonensis

230



en <-> ne
Bi ddul phia nobiliensis
Bi ddul phia nmobilinesis

er <->re
Modi ol us aer ol at us
Modi ol us ar eol at us

es <-> se
Ci rol ana woodj ones
Ci rol ana woodj onse

hp <-> ph
Lunbrineri s sphaerocehpal a
Lunbrineri s sphaerocephal a

il <->1i
Pul | eni ati na obliquilocul ata
Pul | eni ati na obliqulioculata

il <> pi
Cant hari dus capil | aceus
Cant hari dus cappi | aceus

in <-> ni
Terebratel |l a sangui nea
Terebratell a sanguni ea

io <-> oi
Fusitriton retiolus
Fusitriton retoil us

ir <->ri
Neogur al eus sinclairi
Neogur al eus sinclarii

is <-> si
Har peci a spi nosi ssi na
Har peci a spi nossi si na

Gsthinpbsia notialis
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Gst hi nosi a noti al si

Qionella australis
O ionella austral si

it <->ti
Apseudes seitferus
Apseudes setiferus

G ycyneris laitcostata
G ycyneris laticostata

iu <-> ui
Syzygi um j anbol anum
Syzygui m j anbol anum

lo <-> ol
Por ol eda | ancel oat a
Por ol eda | anceol at a

Ip <-> pl
Scal ponactra scal pel | um
Scal pomactra scapl el | um

lu <-> ul
Ci bi ci des reflugens
Ci bi ci des reful gens

ny <->yn
Periclimenes yal dwnyi
Periclimenes yal dwyni

0S <-> SO
Cirostrema zel ebori
Cirsotrema zel ebori

ou <-> uo
Pect en raoul ensi s
Pect en rauol ensi s

pr <->1r1p
Enbal | ot heca nononopr ha
Enmbal | ot heca nobnonor pha
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ps <-> sp
Apseudes di versus
Aspeudes di versus

Apseudes spinifer
Aspeudes spinifer

re <->tr
Goni nyrtea conci nna
Goni nytrea conci nna

ru <-> ur
Bal anus decor us
Bal anus decours

Veneri cardi a purpruata
Venericardi a purpurata
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Appendix Il - Final analysis reports of the spelli  ng error
experiments

a) Summarized report

This table shows the number of errors detected by each algorithm (G2, G3 etc.),
both in total and classified by error type (EX, T etc.).

Glossary:

EX — Extra/Missing Letter
T — Transposition of Letters
W — Wrong Letter

MU — Multi-error

FA — False Alarm

Rk b S b I R Ik b S O

51645 pair of nanes detected

EE R I R R I R I R O O

Total Nanmes to G2 :4063
Total Nanmes to G @EX : 354
Total Nanes to G2 @T :26
Total Nanmes to G2 @W: 259
Total Nanmes to G @ MJ : 200
Total Nanmes to G @FA :3224

Total Nanmes to G3 :1980
Total Nanmes to G3 @ EX : 303
Total Nanmes to G3 @T :13
Total Nanmes to G3 @W: 164
Total Nanes to G3 @MJ : 119
Total Nanmes to G3 @FA :1381

Total Nanes to SNDX : 5008
Total Nanmes to SNDX @ EX : 285
Total Nanes to SNDX @T : 45
Total Nanmes to SNDX @ W : 181
Total Nanmes to SNDX @ MJ : 224
Total Nanmes to SNDX @ FA : 4273

Total Nanes to PHX : 11909
Total Nanmes to PHX @EX : 302
Total Nanmes to PHX @T :42
Total Nanes to PHX @ W : 188
Total Nanmes to PHX @ MU : 254
Total Nanmes to PHX @FA : 11123
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to 1432

to @ EX : 226
to @T :39
to @W : 45
to @MW) .73
to @FA : 49

to LV :39150

to LV @EX : 367
to LV @EX
to LV @EX
to LV @EX
to LV @EX
to LV @T :
toLV@T
to LV @T
to LV @T
toLV@T
to
to
to
to
to
to
to

A WNPE
[EnY

(&)

Nanes
Nanes

Names

to
to
to
to
to
to
to

2 . 238
3 : 53
4 : 10
: 38152

o

1178
6726

A WNPE

Nanes to 30248
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b) Detailed Report

The number of errors summarized in appendix Il (a) are here listed for each
database (CNIP, PMA etc.), and the name pairs themselves are also listed.

Glossary:

EX — Extra/Missing Letter
T — Transposition of Letters
W — Wrong Letter

MU — Multi-error

FA — False Alarm

G2 — Bigram

G3 — Trigram
SNDX — Soundex
PHX — Phonix
SKL — Skeleton
LV — Levenshtein

CNIP - Brazilian Northeast checklist Database

PMA — Brazilian Atlantic Rain Forest Database

ILDIS — International Legume Database & Information Service Database
SP2K — Species 2000 Database

MARINE - Marine Invertebrates of New Zealand Database

Total Nanmes to FA : 2508

Total Nanmes to & : 260
Total Nanes to G3 : 148
Total Names to SNDX : 245
Total Nanmes to PHX : 526
Total Nanes to SKL : 46
Total Nanmes to LV :2227

Total Nanmes to EX @& : 38
Total Nanmes to EX @ &3 : 37
Total Nanes to EX @ SNDX : 29
Total Nanes to EX @PHX : 31
Total Nanes to EX @ SKL : 23

Total Nanmes to EX @LV : 38
Total Names to T @ @& : 0
Total Nanes to T @G3 : 0
Total Nanes to T @SNDX : 0
Total Nanes to T @PHX : 0
Total Nanes to T @SKL : 0
Total Names to T @LV :0

Total Nanmes to W@ @& :50
Total Nanmes to W@ &3 : 34
Total Nanes to W @ SNDX : 38
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Tot al
Tot al
Tot al
Tot al
Tot al
Tot al
Tot al
Tot al
Tot al
Tot al
Tot al
Tot al
Tot al
Tot al
Tot al

Tot al
Tot al
Tot al
Tot al
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Tot al
Tot al
Tot al
Tot al
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Tot al
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Tot al
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Tot al

Names
Names
Nanes
Nanes
Nanes
Names
Names
Nanes
Nanes
Nanes
Names
Names
Nanes
Nanes
Nanes

Names
Nanes
Nanes
Nanes
Names
Names
Nanes
Nanes
Nanes
Names
Names
Nanes
Nanes
Nanes
Names

Nanes
Nanes
Nanes
Names
Names
Nanes
Nanes
Nanes
Names
Names
Nanes
Nanes
Nanes
Names
Names
Nanes
Nanes
Nanes
Names
Names
Nanes
Nanes
Nanes
Names
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Nanes
Nanes
Nanes
Names

to
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to
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to
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to
to
to
to
to
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to
to

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

wMJ

wMJ

MJ @ SNDX : 35
MJ @PHX : 35
MJ @SKL :7
MJ @LV :43
FA @ X :134
FA @G3 :52
FA @ SNDX : 143
FA @PHX : 421
FA @SKL :11
FA @LV :2093

EX @G :3
EX @E : 35
EX @N :0
T @G:
T @QE :
T @N :
W@G:
W@E :
W@N :
MJ@G:1

MJ @E : 42

MJ @N :0

FA @G :916
FA @E :1592
FA @N :0

EX @& @G :3
EX @& @E :35
EX @G @N :0
EX@&XB @G :3
EX @B @QE :34
EX @G @N :0
EX @SNDX @G : 3
EX @SNDX @E : 26
EX @SNDX @N : 0
EX @PHX @G : 3
EX @PHX @QE : 28
EX @PHX @N : 0
EX @SKL @G : 3
EX @SKL @E : 20
EX @SKL @N : 0
EX @LV @G :3
EX @LV @QE :35
EX @LV @N :0
O&x @G:
@& @E :
@& @N :
OB @G :
@&xB @E :
@& @N :
@SNDX @G : 0
@SNDX @QE : 0
@SNDX @N : 0
@PHX @G : 0
@PHX @E : 0

OOOOOO

e e e e e B
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Names
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Nanes
Names
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to

@PHX @N :
@SKL @G :
@SKL @E
@SKL @N
@LV @G :
@LV @QE :
@LV @N :
WX @G :
W@Q&R @E :
W@G&E @N :
W@G @G:
W@G @E :
W@G @N :0

W@SNDX @G : 2
W@SNDX @E : 36
W @ SNDX @N 0
W @ PHX
W @ PHX
W @ PHX
W @ SKL
W @ SKL
W @ SKL
W@LV @G :
W@LV @QE :50
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XXX000000%
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zmozmo

FA @G @N :0
FA @SNDX @G : 45
FA @SNDX @E :98
FA @SNDX @N : 0
FA @PHX @G : 185
FA @PHX @E : 236
FA @PHX @N : 0
FA @SKL @G :2
FA @SKL @E :9
FA @SKL @N : 0
FA @LV @G : 723
FA @LV @E :1370
FA @LV @N :0
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Total Names to G2 unicos : 14
Total Nanmes to G3 unicos : O
Total Nanmes to SNDX unicos : 44
Total Nanmes to PHX unicos : 303
Total Names to SKL unicos : 1
Total Names to LV unicos : 1914

Total Nanmes to GR@EX unicos : 0
Total Nanmes to G3@EX unicos : O
Total Nanmes to SNDX@ EX unicos : 0O
Total Names to PHX@ EX unicos : O
Total Nanmes to SKL@ EX unicos : O
Total Nanmes to LV@EX unicos : O
Total Nanmes to GQ@T unicos : 0
Total Nanmes to G3@T unicos : O
Total Nanmes to SNDX@ T unicos : O
Total Nanmes to PHX@T unicos : O
Total Nanmes to SKL@T unicos : O
Total Nanmes to LV@T unicos : O
Total Nanmes to R@Wunicos : 0
Total Names to GBG@Wunicos : 0
Total Nanmes to SNDX@ W unicos : O
Total Nanmes to PHX@Wunicos : O
Total Nanmes to SKL@Wunicos : O
Total Nanmes to LV@Wunicos : 0
Total Nanmes to @ MJ unicos : 0
Total Nanmes to G3@MJ unicos : O
Total Nanmes to SNDX@ MJ unicos : O
Total Nanmes to PHX@ MJ unicos : O
Total Nanmes to SKL@ MJ unicos : 0
Total Nanmes to LV@MJ unicos : 1
Total Nanmes to Q@ FA unicos : 14
Total Nanmes to G3@FA unicos : O
Total Nanmes to SNDX@ FA unicos : 44
Total Names to PHX@ FA unicos : 303
Total Nanmes to SKL@ FA unicos : 1
Total Nanmes to LV@ FA unicos : 1913

Total Nanmes detected in all tests : 31

Total Nanmes detected in all tests @EX :

Agonandra brasilensis
Agonandra brasiliensis

Andr opogon | eucost achys
Andr opogon | eucost achyus

Cl eone diffusa
Cl eone difusa

Coccol oba il heensi s
Coccol oba il hensis

Copai fera | angsdorffii
Copai fera | angsdorfii

Erechtites hieracifolia
Erechtites hieraciifolia

Gal i um hypocar pi um
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Gal I'i um hypocar pi um

Gal i um noxi um
Gal | i um noxi um

Her pet acant hus nel anchol i cus
Her pet acant hus mel anchol i us

Hi bi scus furcel atus
Hi bi scus furcell atus

| chnant hus nenoralis
I chnant hus nenorallis

Il ex theezans
Il ex thezans

Jatropha gossypifolia
Jatropha gossypiifolia

Ludwi gi a octovalis
Ludwi gi a octoval vis

Mandevilla illustris
Mandevilla ilustris

Qur at ea castanaefolia
Qur at ea cast aneaefoli a

Phaseol us pandur ant us
Phaseol us pandur at us

Pi | ocar pus spi cat us
Pi | ocar puss spi cat us

St enorr hynchos or chi doi des
St enorr hynchos orchi oi des

St ryphnodendr on pur purem
St ryphnodendr on pur pur eum

Tur ner a her manni odes
Tur ner a her manni oi des

Zornia flen ngioi des
Zorni a fl emm ngi oi des

Total Nanes detected in all tests @T:
Total Nanes detected in all tests @W:
Cent r ol obi um ni cr ochaet a
Cent r ol obi um m crochaet e

Epi dendr um ci nnabari num
Epi dendr um ci nnabari num

Hybant hus i pecacuanha
Hybant hus i pepacuanha

Lagenocar pus gui anenses
Lagenocar pus gui anensi s
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Total Nanes pegos detected in all tests @MJ :
Chanmecri sta ni ctans
Chanmecrista nictitans

Coccol oba pari nenensi s
Coccol oba pari nmensi s

Mani | kara sal zmani i
Mani | kara sal zmanni

Pi t hecel | obi um avar enot enp
Pi t hecel | obi um avar enot o

Total Nanes detected in all tests @FA : 1
Aechnea bl ancheti ana
Aechnea bl anchetii

Total Names to MU : 1
Total Names to FA : 143

Total Nanmes to & :22
Total Nanmes to G3 :15
Total Nanmes to SNDX : 22
Total Names to PHX : 40
Total Nanmes to SKL :10
Total Nanmes to LV :129

Total Nanes to EX @& : 8
Total Nanes to EX @G3 : 8
Total Nanes to EX @ SNDX : 8
Total Nanes to EX @PHX :8
Total Nanes to EX @SKL :8
Total Nanes to EX @LV :8
Total Names to T @ @& : 0

Total Nanmes to T @ &3 : 0
Total Nanmes to T @SNDX : 0
Total Nanmes to T @PHX : 0
Total Nanes to T @SKL : 0
Total Names to T @LV :0
Total Nanmes to W@ Q@& : 4
Total Nanmes to W@ & : 3
Total Nanmes to W@ SNDX : 4
Total Nanes to W@PHX : 4
Total Nanmes to W@ SKL :1
Total Nanmes to W@LV : 4
Total Nanmes to MU @& :1
Total Nanmes to MU @G : 0
Total Nanes to MJ @SNDX : 1
Total Nanmes to MU @PHX : 1
Total Nanmes to MU @SKL : 0
Total Nanmes to MU @LV :1
Total Nanmes to FA @& :9
Total Nanes to FA @G3 : 4
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EX @SNDX @N : 0
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EX @PHX @G :
EX @PHX @E :
EX @PHX @N :
EX @SKL @G :
EX @SKL @E :
EX @SKL @N :
EX @LV @G :3
EX @LV @E :5
EX @LV @N : 0
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@& @E :
@& @N :
@8 @G :
@&x@ @E :
@G&B @N :

OOOOOO

O()'I(JOOU'IOO

@SNDX @G : 0
@ SNDX @E : 0
@SNDX @N : 0
@PHX @G :
@PHX @E :
@PHX @N :

@SKL @E
@SKL @N
@LV @G :
@LV @QE :
@LV @N :
@& @G:
@& @E :
@& @N :
@&@B @G:

T
T
T
T
T
T
T
T
T
T
T
T @SKL @G :
T
T
T
T
T
wW
wW
wW
W

OOOOOO
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W& @E :3

W@G&B @N :0

W@SNDX @G : 0
W @ SNDX @E : 4
W @ SNDX @N : 0
W@PHX @G :
W@PHX @QE :
W@PHX @N :
W@SKL @G :
W@SKL @E :
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@ SKL

FA@G3 @N :
FA @SNDX @G : 4
FA @SNDX @E :5
FA @SNDX @N : 0
FA @PHX @G : 11
FA @PHX @E : 16
FA @PHX @N : 0
FA @SKL @G :0
FA @SKL @E :1
FA @SKL @N : 0
FA @LV @G : 39
FA @LV @E : 77
FA @LV @N : 0

& unicos : 1
G3 unique : O
SNDX uni que : 2
PHX uni que : 18
SKL unique : O
LV uni que : 106

@@ EX uni que :
&G @ EX uni que :

SNDX@ EX uni que :
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Total Nanes to PHX@EX unique : O
Total Nanes to SKL@EX unique : O
Total Nanes to LV@EX unique : 0
Total Nanes to Q@T unique : O
Total Nanes to G3@T unique : O
Total Nanes to SNDX@ T unique : O
Total Nanes to PHX@T unique : O
Total Nanes to SKL@T unique : 0O
Total Nanes to LV@T unique : O
Total Nanes to @Wunique : 0
Total Nanes to GZ@Wunique : 0
Total Nanes to SNDX@ W unique : O
Total Nanes to PHX@ Wunique : 0
Total Nanes to SKL@Wunique : 0
Total Nanes to LV@Wunique : O
Total Nanes to &@MJ unique : 0
Total Nanes to G3@ MJ unique : O
Total Nanes to SNDX@ MJ unique : O
Total Nanes to PHX@ MJ unique : O
Total Nanes to SKL@ MJ unique : O
Total Nanes to LV@MJ unique : 0O
Total Nanes to Q@FA unique : 1
Total Nanes to GBG@FA unique : 0
Total Nanes to SNDX@ FA uni que : 2
Total Nanes to PHX@ FA uni que : 18
Total Nanes to SKL@FA unique : O
Total Nanes to LV@ FA uni que : 106

Total Nanes detected in all tests : 9

Total Nanmes detected in all tests @EX :

Bei | schmedi a emar gi nat a
Bei | schmi edi a enar gi nat a

Bei | schnedi a tauberti ana
Bei | schm edi a tauberti ana

Br osi mum gl azi ovi
Br osi mum gl azi ovi i

Cecropi a gl azi ovi
Cecropia glaziovii

Chonel i a estrel ana
Chonelia estrell ana

Ornosia fastgiata
Onosia fastigiata

Thami opi si s incurva
Thami opsi s i ncurva

Thami opsi s | angsdorffii
Thami opsi s | angsdorfii

Total Nanmes detected in all tests @T: O

Total Nanes detected in all tests @W:
Mayt enus brasilienses
Mayt enus brasiliensis

Total Nanmes detected in all tests @MJ :
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Total Nanmes detected in all tests @FA : 0

Total Names to FA : 33086

Total Nanes to G2 :1848
Total Nanmes to G3 :637
Total Nanmes to SNDX : 2618
Total Nanmes to PHX : 5779
Total Names to SKL :31
Total Nanmes to LV :26631

Total Nanmes to EX @& : 24
Total Nanmes to EX @ &3 : 19
Total Names to EX @ SNDX : 10
Total Nanmes to EX @PHX :12
Total Nanmes to EX @SKL : 8
Total Nanmes to EX @LV :24
Total Names to T @ @& : 0
Total Names to T @G3 : 0
Total Nanmes to T @SNDX : 0
Total Nanmes to T @PHX : 0
Total Nanmes to T @SKL :0
Total Nanmes to T :
Total Nanes to W@ & :41
Total Nanmes to W@ &3 : 32
Total Nanmes to W @ SNDX : 25
Total Nanmes to W@ PHX : 28
Total Nanes to W@ SKL : 2
Total Nanes to W@LV :43
Total Nanes to MJ

Total Nanmes to MJ

Total Nanmes to MJ @ SNDX : 12
Total Nanes to MJ @ PHX : 21
Total Nanmes to MJU @SKL : 3
Total Nanmes to MU @LV :25
Total Nanmes to FA @& :1764
Total Nanmes to FA @& :576
Total Nanmes to FA @ SNDX : 2571
Total Nanmes to FA @PHX :5718
Total Nanmes to FA @SKL : 18
Total Nanmes to FA @LV : 26539

Total Names to EX @G : 1
Total Nanes to EX @E : 23
Total Nanmes to EX @N : 0
Total Nanmes to T
Total Nanmes to T
Total Nanmes to T
Total Names to W
Total Nanmes to W
Total Nanmes to W
Total Nanes to MJ
Total Nanmes to MJ

me .. ... .. .. ..
N O
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@SNDX @E : 0
@SNDX @N : 0

OOOOOO

0

1

W@SNDX @G : 0
W@SNDX @E : 25
W@SNDX @N : 0
W@PHX @G : 0

W @ PHX
W @ PHX
W @ SKL
W @ SKL
W @ SKL
W@ LV

@E :
@N :
@G
@E :
@N :
@G:1

2
0
:0
2
0

8

W@LV @E : 42

wW@LVv

@N :0

MJI@&x @G :0
MJ@& @E :19
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FA @G @N:0

FA @SNDX @G : 214
FA @ SNDX @E : 2357
FA @SNDX @N : 0
FA @PHX @G : 715
FA @PHX @E :5003
FA @PHX @N : 0
FA @SKL @G : 1
FA @SKL @E :17
FA @SKL @N :0
FA @LV @G : 807
FA @LV @E :25732
FA @LV @N : 0

@& uni que : 253

&3 unique : O
SNDX uni que : 1157
PHX uni que : 4107
SKL unique : O

LV uni que : 24440

Q@EX unique : 0
G@EX unique : 0
SNDX@ EX uni que : O
PHX@ EX unique : 0
SKL@EX unique : O
LV@ EX unique : O
Q@T unique : 0
&G@T unique : 0
SNDX@ T unique : O
PHX@ T unique : O
SKL@T unique : 0
LV@T unique : O
R@Wunique : 0
&GB@Wunique : 0
SNDX@ W uni que : O
PHX@ W uni que : 0
SKL@ W uni que : 0
LV@ W uni que : 1
@@MJ unique : 0
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Total Nanes to G3@MJ unique : O
Total Nanes to SNDX@ MJ uni que : O
Total Nanes to PHX@ MJ unique : O
Total Nanes to SKL@ MJ unique : O
Total Nanes to LV@MJ unique : 1
Total Nanes to &@ FA uni que : 253
Total Nanes to G3@FA unique : O
Total Nanes to SNDX@ FA uni que : 1157
Total Nanes to PHX@ FA uni que : 4107
Total Nanes to SKL@FA unique : O
Total Nanes to LV@ FA uni que : 24438

Total Nanmes detected in all tests : 17

Total Nanmes detected in all tests @EX :
Astragal us oxyr hynchus
Astragal us oxyrrhynchus

Car agana gerardi ana
Car agana gerrardi ana

Gast r ol obi um cal cyci num
Gast rol obi um cal yci num

Lesserti a acant horachis
Lesserti a acant hor hachi s

Pel t ophor um dasyr hachi s
Pel t ophor um dasyrrhachi s

Vi ci a nonar di
Vicia nonardii

Total Nanes detected in all tests @T: O
Total Nanes detected in all tests @W: 2
Bauhi ni a vespertilio
Bauhi ni a vespertillo

I nga brachystachya
I nga brachystachys

Total Nanmes detected in all tests @MJ :
Jacksoni a rhadi nocl ada
Jacksoni a rhadi nocl ona

Total Nanmes detected in all tests @FA :
Adesm a trifoliata
Adesmia trifoliolata

Chanmecri st a bent hani ana
Chanmecri sta bent ham i

Copai fera jacquini ana
Copai fera jacquinii

Dal bergi a foliol osa
Dal bergi a foliosa

Dal bergi a gosswei l eri
Dal bergi el |l a gosswei |l eri
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Dal ea foliol osa
Dal ea foliosa

I ndi gof era evansi ana
I ndi gof era evansi

I nga obtusa
I nga obtusata

Total Nanmes to &2 :1162
Total Names to G3 : 647
Total Nanmes to SNDX : 1441
Total Nanmes to PHX : 4654
Total Nanmes to SKL :11
Total Nanes to LV : 8846

Total Nanmes to EX @& :13
Total Nanmes to EX @G&3 : 10
Total Nanmes to EX @ SNDX : 5
Total Nanmes to EX @PHX :5
Total Names to EX @SKL :5
Total Nanmes to EX @LV :13

Total Names to T @& :1
Total Names to T @& : 1
Total Nanmes to T @SNDX : 0
Total Nanes to T @PHX : 0
Total Nanmes to T @SKL :0
Total Nanmes to T @LV :1

Total Nanmes to W@ @& : 20
Total Nanes to W@ &3 : 17
Total Nanes to W @ SNDX : 12
Total Nanmes to W@ PHX : 11
Total Nanmes to W@SKL :0
Total Nanmes to W@LV : 23

Total Nanes to MU @& :7
Total Nanes to MU @G3 : 3
Total Nanes to MJ @ SNDX : 3
Total Nanes to MJ @PHX :7
Total Nanes to MJU @SKL : 0
Total Nanmes to MU @LV : 10
Total Nanmes to FA @& :1121
Total Nanes to FA @& :616

Total Nanes to FA @ SNDX : 1421
Total Nanes to FA @PHX : 4631
Total Nanmes to FA @SKL : 6
Total Nanmes to FA @LV : 8799

Total Nanmes to EX @G : 1

Total Nanes to EX @E :13
Total Names to EX @N : 0
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T@G:0

T @E :1

T @N:0
W@G:0
W@E : 23
W@N :0

MJ @G :2
MJ @QE : 8

MJ @N :0

FA @G :3928
FA @E : 10086
FA @N :0
EX@&X @G:0
EX @& @E :13
EX @& @N :0
EX@&B @G :0
EX@&B @E :10
EX @G @N :0

EX @SNDX @G : 0
EX @SNDX @QE :5
EX @SNDX @N : 0
EX @PHX @G :
EX @PHX @QE :
EX @PHX @N :
EX @SKL @G :
EX @SKL @QE :
EX @SKL @N :

EX @LV @G :0
EX @LV @QE :13
@LV @N :0
O&x @G:
@& @E :
@& @N :
OB @G :
@& @E :
@G @N :
@SNDX @G : 0
@SNDX @QE : 0
@SNDX @N : 0
@PHX @G :
@PHX @QE :
@PHX @N :
@SKL @G :
@SKL @E
@SKL @N
@LV @G :
@LV @QE :
@LV @N :
W@ @G :
W@R&R @E :
W@G& @N :
W@&XRB @G :
W@&EB @E :
W@G @N :
W@SNDX @G : 0
W@SNDX @QE : 12
W@SNDX @N : 0
W@PHX @G : 0

W@PHX @E :11
W@PHX @N :0

OU'IOO-bI—‘

OHOOI—‘O
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Total Names to W@SKL @G : 0
Total Names to W@SKL @E :0
Total Nanmes to W@SKL @N : 0
Total Nanmes to W@LV @G :0
Total Nanmes to W@LV @E :23
Total Names to W@LV @N :0
Total Nanes to :
Total Nanes to
Total Nanes to
Total Nanes to
Total Nanes to
Total Nanes to
Total Nanes to
Total Nanes to
Total Nanes to

®
&3
®
®
Pocwocoor

@G @N :

@SNDX @G : 1
@SNDX @E :2
@SNDX @N : 0

Total Nanes to @PHX @G : 2
Total Nanes to @PHX @E :5

0
Total Nanes to @SKL @G :0
Total Nanes to @SKL @E :0
Total Nanes to @SKL @N :0
Total Nanes to @LVY @G :2
Total Nanes to @LV @QE :8
Total Nanes to @LV @N : 0

Total Nanes to
Total Nanes to @&

Total Nanes to @& :
Total Nanes to @@ @G :94
Total Nanes to @&B @E :522
Total Nanmes to FA @G3 @N : 0
Total Nanmes to FA @SNDX @G : 694
Total Nanmes to FA @SNDX @E : 727
Total Nanes to FA @SNDX @N : 0
Total Nanmes to FA @PHX @G : 2975
Total Nanmes to FA @PHX @E : 1656
Total Nanmes to FA @PHX @N : 0
Total Nanmes to FA @SKL @G : 0
Total Nanes to FA @SKL @E :6
Total Nanmes to FA @SKL @N : 0
Total Nanmes to FA @LV @G :517
Total Nanes to FA @LV @E :8282
Total Names to FA @LV @N :0

MJ
MJ
MJ
MJ
MJ
MJ
MJ
MJ
MJ
MJ
MJ
Total Nanmes to MU @PHX @ N :
MJ
MJ
MJ
MJ
MJ
MJ
FA
FA
FA
FA
FA

Total Nanes to & unique : 174
Total Nanes to G3 unique : O
Total Nanes to SNDX uni que : 546
Total Nanes to PHX unique : 3624
Total Nanes to SKL unique : O
Total Nanes to LV unique : 7758

Total Nanes to R@EX unique : 0
Total Nanes to G3G@EX unique : O
Total Nanes to SNDX@ EX unique : O
Total Nanes to PHX@ EX unique : 1
Total Nanes to SKL@EX unique : O
Total Nanes to LV@EX unique : 0
Total Nanes to &@T unique : O
Total Nanes to G3@T unique : O
Total Nanes to SNDX@T unique : O
Total Nanes to PHX@T unique : O
Total Nanes to SKL@T unique : O
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Total Nanes to LV@T unique : O
Total Nanes to @Wunique : 0
Total Nanes to GG@Wunique : O
Total Nanes to SNDX@ W unique : O
Total Nanes to PHX@ Wunique : 0
Total Nanes to SKL@Wunique : 0
Total Nanes to LV@Wunique : 1
Total Nanes to Q@ MJ unique : 0
Total Nanes to G3G@ MJ unique : O
Total Nanes to SNDX@ MJ unique : O
Total Nanes to PHX@ MJ unique : O
Total Nanes to SKL@MJ unique : O
Total Nanes to LV@MJ unique : 1
Total Nanes to Q@ FA unique : 174
Total Nanes to GBG@FA unique : 0
Total Nanes to SNDX@ FA uni que : 546
Total Nanes to PHX@ FA uni que : 3623
Total Nanes to SKL@FA unique : O
Total Nanes to LV@ FA unique : 7756

Total Nanmes detected in all tests : 4

Total Nanes detected in all tests @EX : 4
Cottus kessl eri
Cottus kesslerii

Nemachei | us strauchi
Nermachei | us strauchii

Par acot t us kneri
Par acot t us kneri i

Percari na demni dof fi
Percari na deni dof fii

Total Nanmes detected in all tests @T: O

Total Nanes detected in all tests @W: O
Total Nanes detected in all tests @MJ : O
Total Nanes detected in all tests @FA : O

Total Nanmes to MU : 211
Total Nanmes to FA :1083

Total Names to & : 763
Total Names to G3 :525
Total Nanmes to SNDX : 669
Total Nanmes to PHX : 908
Total Nanmes to SKL : 325
Total Nanes to LV : 1459

Total Nanmes to EX @& : 263
Total Nanmes to EX @ &3 : 222
Total Nanmes to EX @ SNDX : 224
Total Nanmes to EX @ PHX : 238
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@ SKL
@LVv
wWe&
W@ G3

HH-H-H4-4-4pE

W @ SNDX : 100

@SKL :176
@LVv :275

125
212

@ SNDX : 44
@PHX : 41

139
.52
1142
.78

W @ PHX : 103

W @ SKL
wW@LVv
@&
@G&3

@ X
@G&3

TPEEEEEE

: 36
1151

1127

77

1 206
1136

@ SNDX : 163
@PHX : 179
@ SKL : 60
@LV :209

FA @ SNDX : 138

FA @ PHX : 347

FA @ SKL : 14
FA @LV :772

EX @G
EX @E
EX @N
T @G
T @QE :
T @N :
W@G
W@E
W@N :
MJ @G
MJ @E
MJ @N
FA @G
FA @E
FA @N

EX @&
EX @&
EX @&
EX @G3
EX @ G3
EX @ G3

170
: 205
:0

- 10

42
0

147
1104

0
121
1162
.28
: 538
: 545
:0

@G :
: 203
:0
@G :
@E :
@N :

@E
@N

60

54
168
0

EX @SNDX @G : 52
EX @SNDX @E :172
EX @SNDX @N : 0

EX @PHX @G
EX @PHX @E

EX @PHX @N :

EX @SKL @G
EX @SKL @E
EX @SKL @N
EX @LV @G : 7
EX @LV @E : 205
EX @LV @N : 0

.55
1183
0
140
1136
:0
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FA @SNDX @E :68
FA @SNDX @N : 0
FA @PHX @G : 246
FA @PHX @E :101
FA @PHX @N : 0
FA @SKL @G :10
FA @SKL @E :4
FA @SKL @N : 0
FA @LV @G : 283
FA @LV @E :489
FA @LV @N :0

@& unique : 10
&3 unique : O
SNDX uni que : 37
PHX uni que : 195
SKL unique : 0
LV uni que : 591

Q@EX unique : 0
G@EX unique : 0
SNDX@ EX uni que : 0
PHX@ EX unique : 0
SKL@ EX unique : O
LV@ EX unique : 5
&@T unique : 0
&G@T unique : 0
SNDX@ T unique : O
PHX@ T unique : O
SKL@T unique : 0
LV@T unique : 5
@@Wunique : 0
&G@Wunique : 0
SNDX@ W uni que : 0
PHX@ W uni que : 0
SKL@ W unique : 0
LV@ W unique : 6
Q@MJ unique : 0
G@MJ unique : 0
SNDX@ MJ uni que : 1
PHX@ MJ uni que : 1
SKL@ MJ unique : O
LV@ MJ uni que : 17
Q@ FA uni que : 10
G@FA unique : 0
SNDX@ FA uni que : 36
PHX@ FA uni que : 194
SKL@ FA unique : 0
LV@ FA uni que : 558

Nanmes detected in all tests : 206

Nanmes detected in all tests @EX :

Agl aophanus verrilli
Agl aophanus verrillii

Amal da novaezeal andi ae
Amal da novaezel andi ae

Anpel i sca bouvi eri
Ampel i sca bouvierii
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Anphi desma subt ri angul at um
Anphi desma subt ri angul aum

Anphi desnma subt ri angul at um
Anphi desma subt ri ngul at um

Anphi | ochus filidactyl us
Anphi | ocus filidactylus

Anti sol ari um egenum
Anti sol ari um eugenum

Apseudes novaezeal andi ae
Apseudes novaezel andi ae

Arachnopusia latiavicularis
Arachnopusia lativicularis

Ar gobucci num t unm dum
Ar goobucci num t um dum

Astraea heliotrophium
Astraea heliotrophum

Astraea heliotrophi um
Astraea heliotropi um

Astraea heliotrophum
Astraea heliotropum

Astraea heliotropi um
Astraea heliotropum

Bal anus vestitus
Bl anus vesti tus

Bar bati a novaezeal andi ae
Bar bati a novaezeal ndi ae

Bar bati a novaezeal andi ae
Bar bati a novaezel andi ae

Bar bati a novaezel andi ae
Bar bati a novazel andi ae

Bar yspi ra novaezeal andi ae
Bar yspi ra novaezel andi ae

Bar yspi ra novaezeal andi ae
Bar yspi ra novazeal andi ae

Basi na yat ei
Bassi na yatei

Bassi na yat ei
Bassi ni a yat ei

Bi ddul pha chi nensi s
Bi ddul phia chinensis
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Caber ea darwi ni
Caberea darwi nii

Cani t hari dus capi | aceus
Cant hari dus capil aceus

Cant hari dus capil aceus
Cant hari dus capil | aceus

Cant hari dus capil aceus
Cant hari dus cappi | aceus

Cerat aul i na pel agi ca
Ceratulina pel agi ca

Chi rundi na street si
Chi rundi na street si

Chl anys ki waensi s
Chl anys ki wi aensi s

Ci bi ci des wuel | eerstorfi
Ci bi ci des wuel | erstorfi

Cirol ana quadripustl ata
Crol ana quadri pustul ata

Cneni docar pa bi cornuat a
Cneni docar pa bicornuta

Coel or hynchus ol i veranus
Coel or hynchus ol iveri anus

Conmant hus wahl ber g
Conmant hus wahl ber gi

Coni nel | a nassoi des
Com nel | a nassoi odes

Cor bul a zeal andi ca
Cor bul a zel andi ca

Corethron criophilium
Corethron criophilum

Cosci nodi scus gran
Cosci nodi scus gr ani

Crassimargi natella i nconstanta
Crassimarginatella inconstantia

Ct enocal anus vanus
Ct enocl anus vanus

Cuspidaria trailei
Cuspidaria traillei

Cycl oberris zeal andi ca
Cycl oberris zel andi ca

Cycl ol eberi s zeal andi ca
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Cycl ol ebris zeal andi ca

Dent al i um zeal andi cum
Dent al i um zel andi cum

Di nophysis forti
Di nophysis forti

Ditylum brightwelli
Ditylum brightwellii

Dosi na zel andi ca
Dosi ni a zel andi ca

Dosi ni a zeal andi ca
Dosi ni a zel andi ca

Dosi nul a zeal andi ca
Dosi nul a zel andi ca

Duplicara tristis
Duplicaria tristis

Dynanenel l a cordiforam nalis
Dynanenel la cordiformnalis

Ennucul a strangei
Ennucul a strangeri

Epi t oni um phi | i ppi nari um
Epi t oni um phi | i ppi narum

Eschari na wai paraensi s
Eschari na wai parensis

Eucom na nassoi des
Eucom ni a nassoi des

Exosphaeronma chil ensis
Exosphaeroma chiliensis

Fl acci saagitta hexaptera
Fl acci sagitta hexaptera

Fragi |l ari a oceanica
Fragillaria oceanica

Gal eodea trigancea
Gal eodea triganceae

Gari strangei
Gari strangeri

G ycera tessel ata
G ycera tessellata

CGol fingia canatabriensis
Gol fingia cantabriensis

Gondogenei a dana
Gonodogenei a dana
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Goni nyrtea conci nna
Goni onyrtea conci nna

Hal i car ci nus cook
Hal i car ci nus cooki

Har peci a spi nosi ssi na
Har peci a spi nossi ssi ma

Har peci a spi nossi si ma
Har peci a spi nossi ssi ma

Hopl ostet hus gil christi
Hopl ost het hus gil chri sti

Hopl ost et hus i nt er nedi us
Hopl ost het hus i nt er medi us

Hyper anm na novaezeal andi ae
Hyper amm na novaezel andi ae

Hyperi a sibaginis
Hyperi a si baginsis

Kol ost oneur a novaezeal andi ae
Kol ost oneur a novaezel andi ae

Lagena neridionalis
Lagena neridonalis

Li gi a novaezeal andi ae
Li gi a novaezel andi ae

Li ma zeal andi ca
Li ma zel andi ca

Li ot hyrel l a neozeal ani ca
Li ot hyrel l a neozel ani ca

Li t hosona novaezeal andi ae
Li t hosona novaezel andi ae

Luci noma gal at hea
Luci noma gal at heae

Lunbrineris tetraua
Lunbrineris tetraura

Maconona |ilian
Maconona |ili ana

Macr ochi ri dot ea unci nat a
Macr ochi ri dot hea unci nat a

Maera nmsteri
Maer a mmst er si

Metridia gerlachei
Metridia gerlachi
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M croporella ciliata
M croporella cilliata

Modi ol us aer eol at us
Modi ol us aer ol at us

Modi ol us aer eol at us
Modi ol us ar eol at us

Modi ol us ar eol at aus
Modi ol us ar eol at us

Myadora anti podi um
Myadora anti podum

Myador a novaezeal andi ae
Myador a novaezel andi ae

Nenocar di um pul chel | um
Nenocar di um pul chel um

Ni t zschi a cl osterium
Ni t zschi za cl osterium

Ni tzschia seriata
Ni t zschi za seriata

Notocal lista nulitistriata
Notocal lista nultistriata

Not ocor bul a zeal andi ca

Not ocor bul a

Not ocor bul a
Not ocor bul a

Not ocor bul a
Not ocor bul a

zeal nandi ca

zeal andi ca
zel andi ca

zel andi ca
zel anndi ca

Nucul a nitida
Nucul a nitidia

Nucul a strangei
Nucul a strangeri

Oncaea nedit er anea
Oncaea nedi terranea

Onychot eut hi s banks
Onychot eut hi s banksi

ol i na het er onor pha
Qol i na het erornorpha

Ophi onotus victori ae
Ophi ontus victori ae

Opl ophorus novaezeel andi ae
Opl ophorus novaezel andi ae

Ot hopori da

conpact a

260



Ot hoporidra conpacta

Ot hoporida stenorhyncha
Orthoporidra stenorhyncha

Orthoscuticella fissurata
Orthoscuticella fisurata

Gsthinosia mlleporides
Gst hinpsia m |l eporoides

GCstrea sinnuata
OGstrea sinuata

Pagurus novaezeal andi a
Pagur us novaezel andi a

Pagur us novaezel andi a
Pagur us novaezel andi ae

Pant hal i s novaezeal andi ae
Pant hal i s novaezel andi ae

Paphirus largillerti
Paphirus largillierti

Paranarthrura simlis
Paranarthrura simls

Pect en novaezeal andi ae
Pect en novaezeal ndi ae

Pect en novaezeal andi ae
Pect en novaezel andi ae

Pect en novaezeal andi ae
Pect en novazeal andi ae

Peni on cuvi er ana
Peni on cuvi eri ana

Pervicacia tristis
Pervicacia tristris

Petrolisthes | amarck
Petroli sthes | amar cki

Phenat oma zeal andi ca
Phenat oma zel andi ca

Phenat ona zel andi ca
Phenat ona zel ani di ca

Phyl o novazeal andi ae
Phyl o novazel andi ae

Pl euroneri s zeal andi ca
Pl euroneri s zel andi ca

Pogonophryne scotti
Pogonphryne scotti
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Poiriera zel andi ca
Poirieria zel andi ca

Poirieria zel andi ca
Poririeria zel andi ca

Pot anopyr gus anti podi um
Pot anopyr gus anti podum

Pr ohar pi na anti poda
Pr ohar pi ni a anti poda

Pr ohar pi na hurl ey
Pr ohar pi ni a hurl eyi

Pt er oci rrus magal haensi s
Pt eroci rrus magal hensi s

Pyr am nonas grossi
Pyr am nmonas gr ossi

Pyura bouvetensis
Pyura bouvettensis

Qui nquel ocul i na col | eenae
Qui nquel ocul i na col | enae

Racovitzia harrison
Racovitzia harrisson

Rhysopl ax canalicul ata
Rhyssopl ax canal i cul at a

Ruvet t us pronet heus
Ruvet t us promet hus

Scrupocel | aria ornithorhynchus
Scrupocel l aria ornithorhyncus

Sim | ium acutum
Sm | i um acut um

Smi | i um acut um
Sm | lium acutum

Sm ttina akaroaensis
Smttina akaroensis

Spl endrill a aoteana
Splendrillia aoteana

Syringanmi na fragilissinm
Syringamrna fragillissinm

Tel l i na hut on
Tellina hutton

Ter ebel | i des stroen
Terebel | i des stroemni i
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Textul ari a tennui ssim
Textul ari a tenuissim

Thal assi ot hri x nitzschi oi des
Thal assi ot hri x nitzschoi des

Trypanosyl lis taeniaefornis
Trypanosyllis taeniaforns

Venerupis largillerti
Venerupis largillierti

Vi bilia stebbingi
Vi bilia stebbingi

Wai tangi brevirostis
Wai tangi brevirostris

Zet hal i a zeal andi ca
Zethalia zel andi ca

Zygophl ax si bogae
Zygophyl ax si bogae

Total Nanes detected in all tests @T:
Bar bati a novaezeal ndi ae
Bar bati a novaezel andi ae

Cant hari dus capil | aceus
Cant hari dus cappi | aceus

Har peci a spi nosi ssi ma
Har peci a spi nossi si na

Lucicutia falvicornis
Lucicutia flavicornis

Lunbrineri s sphaerocehpal a
Lunbrineri s sphaerocephal a

Gsthinpbsia notialis
Gst hi nbsi a noti al si

Qionella australis
O ionella austral si

Pect en novaezeal ndi ae
Pect en novaezel andi ae

Phol adi dea acher ont ae
Phol adi dea acher ont ea

Pul | eni ati na obliquilocul ata
Pul | eni ati na obliqulioculata

Si gapat el | a novaezeal ndi ae
Si gapat el | a novaezel andi ae

Trachyl eberis lytteltonensis
Trachyl eberis |lyttletonensis
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Total Nanes detected in all tests @W:

Astraea heliotrophum
Astraea heliotropium

Ast rononi an novozeal andi cum
Ast rononi on novozeal andi cum

Cylichna thetides
Cylichna thetidis

Divaricella huttoni ai a
Di varicella huttoni ana

Escharoi des praestita
Escharoi des praestite

Euni ce tridentata
Eunice tridentate

G obigerinella aequilateralis
G obigerinella aequilaterelis

Hem aul i s haucki i
Hem aul us haucki i

Hemi aul i s sinensis
Hemi aul us si nensis

Het er onol padi a marenzel | eri
Het er onol padi a marenzel liri

Het er onandoa cari nat a
Het er onar doa cari nat a

Kol est oneur a novaezel andi ae
Kol ost oneur a novaezel andi ae

Macr ochi ri dot hea unci nat a
Macr ochi r odot hea unci nat a

Mel ar hapha cincta
Mel ar haphe cincta

Mel ar hapha ol iveri
Mel ar haphe ol iveri

Not opandal us nmagnocul us
Not opandul us nagnocul us

Par awal decki a parata
Par awel decki a parata

Par awal decki a t honsoni
Par awel decki a t honsoni

Pl ani spi ri noi des buccul ent a
Pl ani spi ronoi des buccul ent a

Pri onocrangon curvicaulis
Pri onocrangon curvi caul us
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Torri di har pi ni a hurl eyi
Torri dohar pi ni a hurl eyi

Total Nanes detected in all tests @MJ :

Acitellina urinaton
Acitellina urinatoria

Astraea heliotrophium
Astraea heliotropum

Cadul us del i catul us
Cadul us del i catus

Crassimargi natella val demunita
Crassinmarginatella val denmunitell a

Di varicella huttonia
Divaricella huttoniaia

Di varicella huttonia
Di varicella huttoni ana

Eucanpi a bal austi nma
Eucanpi a bal austi um

Hapl ophr agnoi des canari ense
Hapl ophr agnoi des canari ensi s

Hapl oscol opl os kerguel enensi s
Hapl oscol opl os kerguel ensi s

Mari kel | i a rotunda
Mari kel lia rotundata

Mol gul a nortenseni
Mol gul a nort ensi

Pagurus novaezeal andi a
Pagur us novaezel andi ae

Paphi es subtriangul a
Paphi es subtriangul ata

Peni on adusta
Peni on adust us

Pr ot ot haca crassi costa
Pr ot ot haca crassi costata

Reophax sabul osa
Reophax sabul osus

Sol enya par ki nsoni
Sol enya par ki nsoni ana

Sternaspis scuta
Sternaspi s scutata

Synpl ect oscyphus subarticul ata
Synpl ect oscyphus subarti cul at us
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Uberella barriensis
Uberella barrierensis

Total Nanes detected in all tests @FA : O
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