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ABSTRACT

The information considering taxonomy of invertebrates is mostly comprised of scientific
articles and few softwares which are comprehensible only for the specialists of a narrow field. Till
now, new invertebrates species are being described on a daily basis by a means of morphological and
molecular data. Emergence of comprehensive database which is updated regularly eases access to
much more needed information. Any kind of means of identification by non-specialists are most
welcome. The concept of integrative taxonomy is not new but the one proposed in our work idea of
combination both morphology and DNA dates in web-based application which will be available for
everyone, not only for specialists in this field, seems to be an invaluable. This is a conceptual multi
platform web application based on a single determination step for each individual to the species level
identification.
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1. INTRODUCTION

Taxonomy as “science” which originated in Greek hundred years BC. First known
medical plant illustrations have been made about 1500 BC (Manktelow 2010). Generally, this
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“old profession” was a part of all biological-medical research and is applied to different fields
of studies (Tautz 2003).

The exact definition of taxonomy varies from source to source (Wilkins 2011). As
points of reference, definitions of taxonomy were presented by Walker et al. (1988), Wheeler
(2004), Lawrence (2005), Judd et al. (2007), Kirk et al. (2008) and Simpson (2010). Simply, it
is the theory and the practice of grouping individuals into species, arranging species into
larger groups, and giving those group names, thus producing a classification (Judd et al.
2007). Moreover, taxonomy is a part of the systematic study, similar to the identification and
nomenclature of organisms (Wilkins 2011).

Nowadays taxonomy is divided into prelinnaean taxonomy — “traditional morphological
nomenclature” system and postlinnaean taxonomy — most used morphological and molecular
characters. However, the last decade is strongly influenced also by the Phylocode system
(Manktelow 2010).

Linnaeus had introduced a binomial naming system about 1750 (Linnaeus 1753) and
now the rules have been established for classifications, names and identification for all of
biological sciences. The binomial naming system is very helpful in avoiding errors with
descriptions or use same/similar names for describing more than one species.

Taxonomy becomes the science of defining groups of biological organisms on basic
characteristics and giving name to the group. Organisms are grouped together into taxa
(singular: taxon) and these groups are given a taxonomic rank; groups can be aggregated to
form a super group of higher rank, thus creating a hierarchy (Judd et al. 2007, Simpson 2010).

In past two terms “alpha taxonomy” and “beta taxonomy” were introduced. Alpha was
focused on the species level, beta described the classification of ranks higher than the species
(Mayr 1968). Finally, it was introduced the term of macrotaxonomy for higher ranks than the
species and microtaxonomy for practical and theoretical problems that are referred to as the
species problem (Mayr 1982).

From 19th century the taxonomy rules were established and they are monitored by
scientists from mentioned commission. In 1895 the International Commission on Zoological
Nomenclature created the International Code of Zoological Nomenclature (see amendment in
2012 on electronic publications http://www.iczn.org/node/40407).

The amount of effort needed to determine one individual varies significantly between
taxa. Size of animals is one of the factors that can remarkably contribute, or in case of small
and fragile specimens, extremely complicate preparation of a material itself. Some animals
do not demand any preparation while others, usually need some sort of treatment, for
example, cleaning of exoskeleton from soft tissues and his enlightenment for microscopy.
Number and stability of taxonomic characters also vary significantly. From Diplopods where
size and shape of gonopods is main and very stable character to the Amphipods where there
are more than 100 characters, some countable, other measurable and some regarding shape,
which are highly variable and are used in combination.

There are a number of databases which are useful in the taxonomy of animals like
www.faunaeur.org, and other relevant online databases within the Kingdom Animalia
http://www.faunaeur.org/external_databases.php, however, they are not connected to
GenBank https://www.ncbi.nlm.nih.gov/genbank/. The Linnaean system has progressed to a
system of modern biological classification based on the evolutionary relationships between
organisms, both living and extinct, example is ITIS date basis (The Integrated Taxonomic
Information System) (http://www.itis.gov/index.html).
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Places of conjuring scientist of specific taxes, such as http://www.marinespecies.org/,
are crucial to the experts and enthusiast with similar topics. These kinds of platforms are
offering spontaneous large scale collaboration and progress in solving present day issues in
taxonomy as well as a faster flow of new informations.

One of the interesting taxonomic software named DELTA (DEscription Language for
TAxonomy) is a data format used in taxonomy for recording descriptions of living things. It is
designed for computer processing, allowing the generation of identification keys, diagnosis,
etc. (http://freedelta.sourceforge.net), as described above, there is no connection to the
database GenBank.

Invertebrate animals play an important role in word’s entire biodiversity and perform a
wide range of crucial functional roles in ecosystems. Correct species identification is the key
that can help to overcome practical problems in creating a conservation strategy. There are
large gaps in the investigation of invertebrate taxonomy. Unfortunately, the problems in
proper identification of invertebrate species are common and experts in the field usually are
able to identify only certain groups of species. Moreover, Linnaean taxonomy is opposed to a
molecular taxonomy called ,,phylogenetic taxonomy” (de Queiroz and Gauthier 1994), which
has contributed to the revolution in traditional taxonomy (Soltis and Soltis 2001). Resolving
difficulties in taxonomic determinations of species are making good platform for further
studies such as ecological, biogeographical, animal development, etc.

In the last decade a slight increase of productivity in this field has been noticed, but with
also noticed "change of generation” and rapidly decreasing possibility for any permanent job
in taxonomy for further young researchers further progress is under question.

This paper aims to combine different sources of data to the identification of invertebrate
species. Integration of traditional taxonomy (based on morphology) and molecular taxonomy
(based on DNA Barcoding) as an integrative taxonomy could be widely available as mobile
web-based application tools.

2. RESULTS

Each species has unigue mitochondrial DNA (mtDNA) sequences so that mitochondrial
molecular markers can be viewed as genetic “barcodes”. This is a reliable species
identification on a molecular level. The mitochondrial cytochrome ¢ oxidase subunit | (cox1)
gene fragment was proposed as the barcode source of invertebrate species identification
(http://www.barcoding.si.edu/DNABarCoding.htm). Among molecular tools, DNA Barcoding
is a simple and affordable method to species identification (Padial and De La Riva 2007,
Evans and Paulay 2012). To amplify cox1 gene fragment, a region of approximately 600 base
pairs (bp), universal primers for diverse metazoan invertebrate species are available (Folmer
et al 1994). Obtained in this simple way coxl gene fragment is then compared to other
sequences which were deposited in a database. Finally, matching these sequences allows for
species identification on a molecular level.

The additional advantage of using the molecular method is the possibility of species
identification even on the basis of a small fragment of tissue without former species
identification on morphological level. Moreover, molecular techniques allow individuals
identification at any stage of their development in the life cycle.

Molecular tools are crucial in terms of difficulties in morphological taxonomy,
identification of immature individuals and resolve status of cryptic species as well as
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problems of synonymy and phenotypic plasticity. However, species should not been described
on the basis of sequence data alone because using DNA Barcoding will never provide
sufficient information to describe new species (Ebach and Holdrege 2005). Target sequences
are of course suitable to look at the genetic distance between species, but the knowledge of its
morphology as well as geographical distribution is also needed. Moreover, taxonomic species
identification only on the bases on molecular data, without the knowledge of species
morphology and its geographical distribution would lead to incomplete results.

Molecular taxonomy is based on other criterion of defining species than are commonly
applied in Linnaean taxonomy. Firstly, the method of overall similarity is rejected. Secondly,
the comparisons of evolutionary lineages on the bases on appropriate DNA sequences are
applied. It should be mentioned that the rate of evolution for different molecular markers is
varied which leads to a discrepancy in taxonomy in these both fields.

Some new species have been still described, both on the morphological and molecular
level. Moreover, new records of knowing species and information about their changes in the
geographical distribution range have also been updated. Without a complex study on
invertebrate taxonomy, including species distribution, it is impossible to know which species
are common or even under the threat of extinction in geographical area (Bachmann 1995).
Presently, the information on invertebrate taxonomy is available, especially as scientific
articles which are comprehensible only for the specialists of a narrow field. There is a real
need for an easily found, comprehensive source of taxonomic information in a more available
way also for non-specialists.

The conceptual web-based application consists of several pages. The first one is the
login page and registration page to the system (Figure 1). After logging in to the application,
the user is redirected to the next webpage. This part is a private user panel (Figure 2). The top
of the page displays: the statistics, including, quantity followers of our publications,
comments and dialogues, likes our work-publications. There is the possibility to edit and
configure your own profile. Below the conceptual design includes: new identification process,
your works progress, connection to social networks, preferences for own adjustment. A part
of the page is placed by news feeds where you will be able to exchange your opinion and
motivate people to work and learn. It also allows the supervision of student learning.

Next web page is focused on identification processing (Figure 3). The process is
intended for the determination of individual organisms to the species level and focuses mainly
on the last stage of taxonomic work. Determination of invertebrate animals is based on
diagnosis of a number of morphological features, a set of specific characteristics will classify
the invertebrate organism to the appropriate taxonomic group. On this page, we define the
level of species determination by adding more characters added as a single or multiply photo.
It is possible to add a large amount of morphological determination characteristics. Also, we
consider adding here a text box where you will be able to describe morphological features of
the picture. The lower part containing the navigation button transfers you to the description of
the species.

The last page (Figure 4) contains a detailed description of the species introduced by the
user. Another important part is the geolocation of each individual. Entering data will take
place by selecting the online map or by entering GPS coordinates. The last part will include a
section describing the molecular biology to this section, you will add a sequence in a variety
of formats. Geolocation and genetic sequence is possible for linking data from different
database.
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3. CONCLUSIONS

As a means to revitalize traditional taxonomy - molecular taxonomy (Tautz et al. 2003)
as well as increased utilization of cybertools (La Salle et al. 2009) - have been promoted as
alternative approaches so that innovation technique is useful to develop the field of
invertebrate taxonomy and resolve its serious problems. An ideal scenario to overcome these
problems would be a simple platform where everyone can include some information about the
investigated species. As computer technology plays a crucial role in scientific development, a
suitable web application would be a perfect key to resolve current issues in invertebrate
taxonomy. Tautuz et al (2003) agreed that web-based technology could be a great step
towards a more accessible and universal platform for the deposition and retrieval of
taxonomic information and it could speed up communication, and make species diagnoses
and new descriptions more accessible as each web-based application can operate on mobile
devices or computers such as PC or MAC. It does not depend on the user web browser or
computer system platform. The most important feature of this application is archiving your
work. You can view the history of others work and improve previous records.

tocin | >

Figure 1. User login panel.
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we You're doing a great job! Keep working on it.

Figure 2. User preferences editor.
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New identification process of

1 1-st determination character

CHOOSE FILE

(] (] ©

2 2-nd determination character

CHOOSE FILE

e YOUR PROFILE SPECIES DESCRIPTION e

Figure 3. Page of the single identification process consists of new determination characters.
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Species description: ADD EoiT

CONNECT TO DATABASIS CONNECT TO DATABASIS

Figure 4. Page of detailed species description with database connection links.
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