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Abstract 
Introduction: 

The preservation of ecosystems is fundamental for life on the planet, and to promote their 
conservation, it is necessary to determine the magnitude of their biodiversity, and identify the changes 
in such magnitude in time. This is carried out through the accounting of the biological species that 
inhabits ecosystems, and implies that these must be clearly identified. The most common approach 
that is followed by scientists for the identification of biological species, is the study and analysis of the 
visible physical characteristics of collected specimens in the ecosystems under analysis. This process 
requires specialized knowledge and to pay attention to details, and currently there exists scarcity of 
trained specialists in this field. Hence, it is necessary to design accessible techniques and methods for 
scientists and students, to facilitate the teaching and learning of the abilities and knowledge required 
to carry out this important work. Consequently, the aim of this research was the design a visual 
analytical method to facilitate the construction of electronic keys and their use in the identification of 
species. 

Methods: 

The species identification process was studied in detail, as well as the features of the most well-known 
commercial and non-commercial tools. Then, the design of a visual analytics tool was carried out and 
its usefulness was demonstrated with the use of basic examples and use case scenarios. 

Results: 

The main results of this research included the study of the characteristics of electronic keys, the 
analysis of how these are used for the identification of biological species and the elements involved in 
their construction. Furthermore, the outcomes also include the description of a list of the desirable 
features to design effective methods to support the identification process and the design of a visual 
analytics tool for the construction of electronic keys and species identification. 

Conclusions: 

The process that involves the identification of species requires the use of non-traditional methods to 
effectively support scientists and students in teaching and learning about the construction of electronic 
keys and its later use on species identification. Hence, the visual analytics design presented in this 
research demonstrated that the combined use of information visualization, multiple linked views and 
human-computer interaction could successfully model both processes and facilitate the decision-
making tasks involved in determining the membership of features to a given biological specie. 
Keywords: Visual analytics, species identification, biodiversity. 

1 INTRODUCTION	  

Biodiversity preservation is a commonplace discussion topic1 in scientific and international 
conferences (e.g., climate change and biodiversity meetings organized or sponsored by the United 
Nations), due to the concerns of scientists and global leaders on the consequences to human life and 
economics that could be caused by species loss, the transformation of habitats, the changes in the 
composition of ecosystems and global climate change. 

                                                        
1 Biodiversity topics are frequently discussed at the genetic, species and ecosystem diversity levels. 
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Ecosystems are considered vital biological systems, as these are communities of biological living 
species and nonliving components that have strong interactions between them to offer services, such 
as fresh water, food, raw materials, air purification, soil fertility, carbon sequestration, climate 
regulation and coastal protection. Thus, diversity and richness of biological species (i.e., heterogeneity 
and number of biological species) are associated to the type and quality of services that are provided 
by biological systems [17]. In short, humanity depends on the wealth of biological systems to count 
with sustainable resources and services for surviving. 

The term biodiversity frequently is used to refer to the diversity of biological systems (e.g., ecosystem 
or habitat), but it also involves the natural magnitude of such diversity, which frequently, is determined 
by the informed count of distinct species (which sometimes can be counted by millions). Therefore, the 
identification of biological species that inhabit biological systems is an important element to enable 
such informed counting of distinct species. The knowledge obtained from determining biodiversity 
magnitude can be used to aid the preservation of the wealth of biological systems, and hence, of the 
services these provide. Furthermore, species identification permits the detection of potential food 
sources, chemical elements [1], coloring agents, poisons, elements for controlling pests [11, 15], 
fertilizers, oils [10], medicines and air quality [2]. 

The identification of biological species is frequently carried out by scientist using identification keys, 
which involves their classification into taxonomy categories (i.e., taxa)2, per their similarities and 
differences. These keys are constructed from the visible morphological characteristics of known 
biological species, which are organized in a logical order, per taxonomy principles, that allows to guide 
the scientists through a series of steps to decide on the specie to which a specimen that is being 
analysed belongs to. However, specialists in the identification of species are scarce, and around 3 
million of species, approximately, have not yet been identified. Accordingly, several research efforts 
have been made to develop tools aimed to assist scientists in this task, and even to automatically 
identify species but the use of visual analytics has not been addressed, widely, to contribute with 
scientists in species identification. 

The aim of this research is to support scientists, teachers and students during the identification 
process, hence it proposes a visual analytics approach to build electronic keys for aiding the 
identification of species, based on a simple decision making process which combines the use of 
visualization, human-computer interaction and the active participation of users as the central players. 
Accordingly, the most relevant concepts associated to species identification are explained in section 2, 
whereas a comparison of the features of the common commercial tools used for identifying species is 
carried out in section 3. Thereafter, the rest of this paper focuses on describing and explaining the 
features of the proposed approach (see section 4) and final conclusions (section 5). 

2 IDENTIFICATION KEYS 
The identification of a biological specimen involves the recognition of its distinctive characteristics 
(e.g., has leaves), and the appreciation of the attributes that are associated to each one (e.g., yellow 
leaves, elongated leaves). The characteristics of specimens are called characters, and the attributes 
associated to each character are called character states. During the identification process, the 
characters and character states of a specimen are compared to other specimens using benchmark 
information (e.g., including descriptions and illustrations) and if none characters and characters state 
combination produce a match, the specimen could be considered as a new or unidentified specie [12]. 
This process requires to study and analyse many possibilities, and in some cases the participation of 
several scientists, even in different institutions and countries.  

Single-access identification keys were created in printed format since two hundred years ago to 
facilitate the identification of species, are classified as dichotomous and polytomous keys and consist 
of a sequence of decision points that are determined by characters (i.e., characteristics) and character 
states (i.e., characteristics attributes or specific characteristics). The structure of dichotomous keys 
consists of a decision tree with two options at every decision point, whereas polytomous keys have 
more than two options in any decision point of the structure [12]. Accordingly, Table 1 shows a single-
access key for the identification of the genera of the family Papilionidae [12]. This key consists of two 

                                                        
2 Taxonomy is a hierarchical system [21] which major categories are Domain (Archaea, Bacteria, and Eukarya), Kingdom 

(Archaebacteria -ancient bacteria-, Eubacteria -true bacteria-, Protista, Fungi, Plantae, and Animalia), Phylum, Class, Order, 
Family, Genus, and Species. 
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characters (Hind-wings and Fore-wings) and seven character states (Rounded, Blue spots, Edge with 
long extensions, Scalloped edge, Black spots and Black stripes). 

Table 1.  Identification key for the genera of the family Papilionidae (The Teacher’s Handbook [12]). 

1(0). Hind-wings are rounded ...............................................................................2 

 Hind-wings are not rounded .........................................................................3 

2(1). Blue spots on hind-wings are present ................................................Archon 

 Hind-wings are without blue spots ...............................................Parnassius 

3(2). Hind-wings have edge with long extensions ................................................4 

 Hind-wings with scalloped edge .....................................................Zerynthia 

4(3). Fore-wings with black spots ................................................................Papilio 

 Fore-wings with black stripes ..........................................................Iphiclides 

The structure of the identification key in Table 1 comprises four decision points, in which the flow could 
take different paths. Decision point 1(0) evaluates whether a specimen of the Papilionidae family has 
rounded hind-wings or has not rounded hind-wings. If the result of such evaluation is positive, the next 
step is to assess decision point 2(1), but if by contrary the result is negative, then decision point 3(2) 
should be appraised. Decision point 2(1) evaluates whether blue spots are present or not on the hind-
wings of the specimen under analysis, and thus, the specimen could belong to the Archon (blue spots 
are present) or the Parnassius (blue spots are not present) genus. Meanwhile, decision point 3(2) 
assesses whether the hind-wings of the specimen has edges with long extensions (continue to 
decision point 4(3)) or escalloped edges (the specimen belongs to the Zerynthia genus). Then, 
decision point 4(3) performs a similar evaluation to help determine if the specimen belongs to the 
Papilio or Iphiclides genus. 

The visual representation, using a dichotomous tree, for this identification key is depicted in figure 1. 
The advantage of the graphical representation is that the decision flow could be followed in an easier 
manner for the identification of specimens. Although, this tree representation can be valuable to aid in 
the recognition of species, it is worth to highlight that its use can be overwhelming when dealing with 
large and complex keys, either in electronic or printed format. Overall, the disadvantage of 
dichotomous keys is that the identification process could require to go through several decision points, 
while multi-access keys provide direct access to characters, and scientists rarely need to follow more 
than three decision points (from the root to the leaves of the structure) to obtain results. Although, the 
representation of multi-access keys in paper based formats is difficult, its strength could be exploited 
with the aid of interactive systems, which are intuitive and easy to use. 

The most well-known identification tools are based on the DELTA format and are comprised by at 
least two modules, the key builder and player. DELTA format (DEscription Language for TAxonomy) 
[8] is a standard language for the description of taxonomic information, and the function of the key 
builder module is to assist biologists in the construction of identification keys, whereas the aim of the 
player module is to aid scientists in the identification of species interactively. Consequently, the 
building of interactive multi-access identification keys is carried out using the builder module. The first 
step of this process involves the specification of characters and character states, the second step 
deals with the establishment of relationships between these elements, and the third step (optional) is 
the transformation of the key into a DELTA description, which is a portable specification used by most 
identification systems. 

The establishment of relationships between characters and character states can performed using 
several methods. A frequently used method is based on creating associations between elements in 
the lists of characters and character states, by means of mouse selections. However, associations can 
also be created by correlating characters (placed in rows) and character states (arranged in columns) 
using a matrix. Accordingly, table 2 shows the conversion of the key in table 1 into a matrix, and then, 
table 3 shows the corresponding description using DELTA format. 
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Figure 1. Dichotomous representation for the identification key of the genera of the family papilionidae. 

It is worth to mention that DELTA descriptions [7] are numbered, and its common construction piece is 
the ’sentence’, which is a group of words that can contain comments enclosed by angle brackets and 
is terminated by a slash (see table 3). The simplicity of DELTA format makes simple the writing, 
reading and easy comprehension of taxonomic characterizations, at the time that promotes the 
portability of such descriptions and facilitates the automatic processing of descriptions and the 
exchange of identification keys between systems that support this format [7]. 

Table 2.  Matrix representation of the identification key for the genera of the family Papilionidae. 

Genus 
Hind-wings Fore-wings 

Scalloped 
edge 

Rounded 
Blue 
spots 

Edge - long 
extensions 

Black 
spots 

Black 
stripes 

Parnassius No Yes No No No No 
Archon No Yes Yes No No No 
Zerynthia Yes No No No No No 
Papilio No No No Yes Yes No 
Iphiclides No No No Yes No Yes 

Overall, the main advantage of implementing multi-access keys using interactive systems, especially 
when these keys are large, is that the interaction between the user and the system becomes a central 
element that makes the exploration of characteristics and decision-making processes to be more 
effective. This type of keys could facilitate the identification of specimens to scientists, based on their 
knowledge and experience. With its use, they can select one or more characteristics, and change 
selections in any order, without being limited to follow a sequential evaluation process, which can 
request the evaluation of unknown characteristics, putting aside the knowledge and expertise level of 
scientists. 

Figure 2 depicts a sequence of selections made using the simple multi-access key based on the 
example outlined previously (see table 2). The red color in the figures is used to highlight the 
characters and character states that are selected, and thus, the genera that meet these characteristics 
appear at the bottom of the corresponding figure in the series. Furthermore, the characters of the key 
are Hind-wings (controller) and Fore-wings (dependent). So, when the key is loaded, only the Hind-
wings character appears, whereas Fore-wings remains hidden until the appropriate selection of 
characters and character states active it. 

Accordingly, the identification of the Zerynthia gender is carried out by selecting the character Hind-
wings and the character state Scalloped edge (see Figure 2(a)). Meanwhile, the identification of the 
Papilio and Iphiclides genera required to select the character Hind-wings and the character state Edge 
with long extensions to activate the character Fore-wings. Consequently, figure 2(d) shows the Fore-
wings character highlighted in green and the selection path Hind-wings - Edge with long extensions –
Forewings emphasized in red color, whereas the genera Papilio and Iphiclides are stressed in blue 
color at the bottom. More specifically, figures 2(e) and 2(f) show the identification results based on 
whether Black spots or Black stripes has been selected. 
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Table 3.   Character and character states descriptions with DELTA [7]. 

#1. Hind-wings <shape>/ 
 1. rounded/ 
 2. not rounded/ 
#2. Blue spots on hind-wings <presence>/ 
 1. present/ 
 2. absent/ 
#3. Hind-wings <edge>/ 
 1. edge with long extensions/ 
 2. with scalloped edge/ 
#4. Fore-wings <ornament>/ 
 1. with black spots/ 
 2. with black stripes/ 

 
Figure 2. Representation of a multi-access key for the genera of the family Papilionidae:  

interaction and identification options.  

3 FEATURES OF IDENTIFICATION TOOLS 
Many commercial and non-commercial identification tools is available to scientists, and some of the 
most well-known are DELTA System, Lucid and Xper. DELTA System is a set of free programs based 
on the DELTA format [4, 7], whereas Xper [13] is also a non-commercial tool and Lucid is a widely 
used commercial tool [9]. All these tools can be run on Windows and MacOS, but Xper2 and Lucid can 
also be run in Linux. Furthermore, Xper3 is cloud based and Lucid can also run in Unix, Android and 
iOS. 

DELTA System has been available for 45 years ago and its origins can be traced back to 1971 when 
its development started in the Division of Entomology of the Commonwealth Scientific and Industrial 
Research Organization (CSIRO) of the National Library of Australia [5, 6]. However, it was 
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discontinued in 2000, but the Free Delta project [3] has continued with the development efforts. 
Meanwhile, Xper is a relatively new tool that is developed by the Laboratory of Informatics and 
Systematics of University Pierre et Marie Curie (Paris 6) [18] and the origin of Lucid dates to 1994, 
when a project to develop a system was started at the Cooperative Research Center for the Tropical 
Storm Management at the University of Queensland (Brisbrane, Australia) to identify insect orders 
[16]. Other identification tools available are X:ID (builder and player), Navikey (player), World 
Biodiversity Database (WBD)3 [22] and Neotropikey [14]. However, DELTA IntKey, Lucid and Xper are 
the ones that offer a greater number of features to support biologists and students in the identification 
process and which provide both the constructor and the identifier module, as well as a clean and 
compact interface. 

Table 4.  Comparison of identification tools for biological species. 

Feature DELTA 
IntKey Lucid Xper 

Builder X X X 
Player X X X 
Multi-character selection X X X 
Multi-state selection X X X 
Grouping of characters X X X 
Character dependencies X X X 
Thumbnails of characters X X X 
Thumbnails of character states X X X 
List of found taxa X X X 
List of discarded taxa X X X 
Fact sheet per taxon X X X 
Compact view X X X 
DELTA format X X  
Non-Commercial X  X 
View with selection criteria X X X 

The constructor module of the mentioned tools allows to enter characters and states of character, as 
well as to create relations between them, to establish correspondences between dependent and 
independent characters and to make the grouping of characters by their affinity. This module allows 
the inclusion of miniature images to display visual details of the characters and character states, but 
also permits the inclusion of a detailed file card of each specie, whereas the identification module uses 
the information entered for identifying species. Thus, biologists and students can select multiple 
characters and character states (considering details shown by thumbnail images) to elucidate which 
species match and which do not match with the selected characteristics, and when the number of 
species matching the selected characteristics has been reduced to a limited number, scientists can 
select each specie individually to examine a detailed sheet and decide whether the specie selected 
corresponds to the specimen under analysis.	  

Table 4 shows a comparison between DELTA IntKey, Lucid and Xper, which allows to conclude that 
these are very similar, in terms of the characteristics they offer, except that Xper does not use the 
DELTA format and that Lucid is a commercial tool in contrast to DELTA IntKey and Xper which are not 
commercial tools. 

4 KEY BUILDING AND SPECIES IDENTIFICATION 
This section is intended to describe the progress of the design and implementation of a visual 
analytics proposal for the construction of multi-access electronic keys and the identification of 

                                                        
3 WBD uses Linnaeus II software and it is comprised by a collection of 21 projects, from which 16 projects support the 

identification of species using a player. Furthermore, some of these projects only aids identification by means of dichotomous 
keys. 
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biological species. The design of the proposal starts from the characteristics that are presented in the 
table 4. 

4.1 Main view 
The design of the proposal is divided into four sections, which are shown in Figure 3: figure 3(a) allows 
to choose between the Create Key (Crear Clave) or Identify Species (Identificar Especies) options (by 
default the option Create Key is loaded), while the functions in sections (b), (c) and (d) depend on the 
option selected in Figure 3(a), and are explained in detailed in Table 5. The main view in Figure 3(b) is 
used to construct or deploy the polytomous tree of the key, in which the relationships between 
characters and character states are created and displayed. Figure 3(c) is composed by two lists, 
which are used to display the characters and character states that are added to the key, or the species 
that match the characteristics selected during the identification of a specimen. Meanwhile, Figure 3(d) 
is used to enter or display the detailed information of the species, per the task being carried out. 

 
Figure 3. Main view of the visual analytics proposal. 

4.2 Construction of the electronic key 
The builder of electronic keys requires a three-step process to create a key: 

1 Creation of characters and character states. 

2 Data entry in the card of the specie. 

3 Establishment of the associations between characters, character states and species. 

The central elements of the decision-making process that is carried out to identify biological species 
are the characters and states of characters, so their creation is essential for the construction of 
electronic keys. The proposed design allows the addition of characters and character states by means 
of the polytomous tree, which is shown in Figure 4(b), and to the list of characters and the list of 
character states in Figure 4(c). 

Once the creation of the key has started, the polytomous tree has the root element as the unique 
element and it is labelled as “Characters” (Carácter). However, if the polytomous	  tree was previously 
created, it could contain characters and character states and hence, these are loaded when the option 
Create Key (Crear Clave) is chosen. At this point it is convenient to consider that an electronic key is a 
set of general and specific characteristics (characters and character states), which describe one or 
more species. This implies that the description of each specie, is a subset of those characteristics and 
their relationships, and that the intersection between the subsets defines the common characteristics 
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between species. Therefore, the description of species by means of the association between 
characters and character states and the polytomous tree, require the duplication of the character 
states found at the intersections between the subsets, because tree structures cannot contain several 
parents with a child in common. 

Table 5.  Functions of the options in the main view shown in figure 3. 

Figures 
Options 

Create Key (Crear Clave) Identify Species (Identificar Especies) 

Fi
gu

re
 3

(b
) 

This view is activated to input characters 
(Caracteres) and character states (Estados de 
Carácter). Characters and character states are 
entered as nodes or leafs of a polytomous	   tree, 
where character states are children of the 
characters. 

The polytomous	  tree is loaded when the Create Key 
or Identify Species option is selected. If the Create 
Key option is chosen, the user can add new 
characters and character states to the key using 
the tree, whereas if the Identify Species option is 
selected, the identification of a specimen can be 
performed. 

 F
ig

ur
e 

3(
c)

 The lists in this figure are filled out with 
characters and character states and added to 
the tree (characters are added to list 1, while 
character states are added to list 2). These lists 
are also used to establish relationships between 
characters and character states when the 
electronic key is constructed. 

During the identification process, per the selection 
of characters and character states from the 
polytomous	   tree, list 1 is filled with the species that 
match the chosen characteristics, while list 2 is 
filled out with those species that do not match the 
chosen criteria. 

Fi
gu

re
 3

(d
) It is used to enter the details in the cards of the 

species. The view is composed of two areas, 
one to enter the information of the species and 
another to show a map with the geographical 
coordinates of the places in which the samples 
were collected. 

Once the scientist or student has selected the 
visible characteristics of the specimen that wish to 
identify, it can select one of the species in list 1 for 
obtaining additional details. 

The addition of characters to the polytomous tree is done by right clicking on the root of the tree, while 
the character states are added by right clicking on the character to which they are associated. When 
an existing character state needs to be associated to a character, a character states is selected from 
the list, the character to which it will be associated is right-clicked, and the option “Associate character 
state" is selected and then, a duplicated character state is created as a child node of the character. 
Once the characters and character states have been entered and the relationships between them 
have been established, the details to create the card of the species are added (see Figures 4(d) and 
5). The details that are entered in this card are the scientific name, etymology, description, photo and 
coordinates of the places where the presence of the specie has been registered. 

After performing the above steps, the next step is to describe the specie. The description of species 
requires, on the one hand, to create the subset of characters and states of character and, on the other 
hand, to link the species with its details card. The subset of characteristics is created by clicking on the 
characters and character states associated with the specie (which are highlighted in orange, as shown 
in Figure 4 (b)), and linking it with the card by clicking on the Create Card (Crear Ficha) button.  

4.3 Species identification 
The identification of a biological specimen implies an implicit decision-making process, which is 
supported by the option Identifying Species through four steps: 

1 The scientist or student selects characters and character states based on the careful and 
detailed examination of the visible physical characteristics of the specimen under study (see 
Figure 4 (b)). 

2 The species that match and those that do not match the characters and character states 
selected (see Figure 4 (c)) are classified by the lists Found Results (Resultados Encontrados) 
and Discarded Results (Resultados Descartados). 

3 The scientist or student selects species from the lists Found Results and Discarded Results to 
check details (see Figure 4 (d)). 
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4 After reviewing the details of the species that are presented in the lists, the scientist or student 
decides whether the specimen could be identified or not. If the specimen cannot be identified 
with the information in the system, the scientist must perform additional searches with other 
systems, books or bibliography. If, after that review, no information was found to identify the 
specimen, the specimen could be associated to an unidentified specie to date (so it proceeds to 
its classification and naming). In either case, the scientist may choose to expand the electronic 
key, add new characters and character states to the polytomous tree, enter the details of a 
specie card and describe the relationship between these elements to facilitate the identification 
of specimens of the same species in the future. 

 
Figure 4. View for the construction of electronic keys. 

 
Figure 5. Image of a specimen and coordinates of the place where it was collected. 

5 CONCLUSIONS  
This research has carried out a discussion on the importance of the identification of biological species 
and how the informed account of the species allows determining the magnitude of the biodiversity for 
the implications it must preserve the sustainability of the biological sources that give life to the planet. 

In this context, the analysis of the identification process of the species to which a specimen belongs, 
through a bibliographical review and the comparison of the main tools that exist in the market for the 
identification of species was performed. Accordingly, the advantages of visual analytics to represent 
and correlate information to support decision-making processes were widely discussed. 
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Consequently, the main conclusion of this research is that the process of species identification 
requires the use of non-traditional methods to effectively support scientists and students in the 
construction and management of large electronic keys, and that visual analytics provides the 
necessary elements to model both processes and facilitate decision-making processes, in which the 
users are the principal actors. 
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