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tonda

per scavare 
cibo…..



The “name” of an organism is the only access to information about its 
taxonomy, ecology, etc., which have been collected in centuries of scientific 
research. 

Classification and identification belong to two different operational processes. 

Classification is the JOB of taxonomists 
BUT 

Identification can be FUN for anybody

Identification



Today, however, identification can be achieved not only by using a 
decision tree, but also by other approaches.  

Thus, there exist three main approaches: 
1. Decision trees (digital or paper printed) 
2. DNA barcode  
3. Automated image recognition 

While the first approach provides observers with some tool to perform an 
identification, forcing them to make decisions through the process, the 
others normally output a name (or an array of names) which could/should 
match the observed specimen. 
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Decision trees 

Require human intervention at each step of the identification process 

Do require a certain skill level, depending on the decision tree adopted in the 
process 

Normally need a “good” specimen to perform at their best 

Can be available on paper, or 
on a digital support 

Are portable in the field 

Can be use on- and off-line 

The identification process leads 
to one name
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The first approaches to digital identification date back to the beginning of the 
computer era.  

The idea was to use the computational opportunities granted by the computers to 
produce stand-alone, paper printed keys based on databases of characters, 
getting rid of the constraints of biological classification. 

To achieve this goal, DELTA (Description Language for Taxonomy), a structured 
language to convert scientific descriptions into computer-readable data, was 
developed.  

DELTA was developed since 1971 in Australia, at the Department of entomology of 
CSIRO (Commonwealth Scientific and Industrial Research Organisation).
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The evolution of internet, both in terms of accessibility and efficiency in the 
transmission of data, permitted to "mobilise" the identification keys and publish 
them online. 

The first approaches to online publication, however, were something like going 
back to the past. In fact, paper printed keys were simply converted into HTML 
pages, and published online. This approach is relatively simple, and requires 
limited skills in the use of HTML tags. 

More "evolute" approaches were..... too “evolute” for their times. Hence, the first 
keys produced by the DELTA suite were simply shared as DELTA files, readable 
only by someone with the skills to use them, in an another instance of the DELTA 
suite.
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The DELTA suite is made of several software tools. Program KEY is used to 
produce digital textual keys.  
KEY uses the data stored in DELTA format, selecting them following the rules of a 
complex algorithm, which mixes author's input and a score based ont he 
character's relative resolution.
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In DELTA, taxa are described by states selected from lists of characters. 
Characters can have none or two or more states. 

5 types of characters are defined:  
- ordered multistate (states are arranged following a logical sequence) 
- unordered multistate (states are not arranged in a logical sequence) 
- integer (1, 2, etc.) 
- non-integer (0.2, 1.5, etc.) 
- textual (no fixed values)
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DELTA's grammar states that before each character there must be a "#" sign, 
followed by the number of the character and by a dot. The name of the character 
follows, optionally with a descriptions written between <>. All is followed by the 
end-of-line symbol, the slash.  
as an example: 
#1. Fur <fur is present or not>/ 

This line is followed by as many lines as the states of the character. 
Each state is written starting by its number followed by a dot, the state and its 
description, and each line is closed by a slash. 
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as an example: 
1. present <animal with a fur>/ 
2. absent <animal without a fur>/  

Numeric characters have a different grammar. They are stateless, and are followed 
by the mesure unit, if available. 

As an example: 

#2. Antennae <length>/ mm/ 

Textual characters are stateless, and often nameless as well: 

#3. <notes>/
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Taxa are described by one or more "instances", each one describes a "variation" 
of characters inside a taxon. 
As an example, a taxon can have organisms with and without fur, so that it will 
be described by two instances, or records. 
These are written following a "#" sign, and start with taxon name, followed by a 
comment (often used for authors' names): 
An example: 
# Artemisia alba <Turra>/ 
Other records or instances of the same taxon are written in the same way, but 
with a plus sign immediately after the "#". 

For each character, then, states are listed.
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A state of a taxon is written as character number followed by state number, in the 
format: 
C,S 
Different states are separated by a space.  
S is the number of the state in the case of multistate characters, or a number in 
the case of numerical characters.  

Three pseudo-values are accepted: 
V (variable) 
U (undefined) 
- (not usable)
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Logical separators are accepted:  
/ or 
& and 
- from to (range) 

an example: 
# species <author>/ 1,1/2<rare> 2,- 3,4-5 4,V 
In this case, we have a taxon with the first character which could have two 
states, but the second is rarer. The second charater is not usable, the thirs 
ranges from 4 to 5, and the fourth is variable.
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Numerical characters add some issue.  
A ranging numerica character is normally written as follows: 
C,x-y 
However, ranges are not that precise, in nature. Normally there exist a "strict" 
range, which is the "normality" for the taxon, and a "wide" range, which takes into 
account a certain deviation from "normality" whcih is rarely observed. This can 
be expressed as: 
C,(1-)2-3(-5) 
C,(3-)4(-5) 
C,(1-)2-3
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#1. Fur <presence>/ 

 1. present/ 

 2. absent/ 

#2. Fur's colour/ 

 1. Red/ 

 2. Black/ 

 3. Brown/ 

#3. Number of fingers in the front legs/ 

#4. Body's length/ cm/

# Species species <Auct.>/ 

 1,V 2,3 3,– 4,120
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Linnaeus (ETI Bioinformatics, Amsterdam, The Nederlands) 

It is made of three parts 
builder: permits to create and edit an information system on a group of organisms. This 

information system is made of four modules:  
 a) taxonomic databases 
 b) supporting database, to store non-species related information 
 c) identification tools: visual key, classic key, and multi-access key 
 d) bio-geographic information system 
runtime: permits to store the information system on CD- or DVD-ROMs 
publisher: permits to publish the information system on the web  

Linneus is now available as a web tool, at the address http://www.etibioinformatics.nl
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FRIDA (FRiendly IDentificAtion) was developed since 2003 at the Department 
of Life Science of the University of Trieste (Italy), to be adopted in projects for 
the production of multi-authored digital identification keys. Its main aim was to 
make different experts work together to the same dataset without conflictin with 
each other. 

The keys have a dichotomous structure which follows the sequence of 
identification characters decided by the author(s). 

The keys are available in the web, and can be stored on CD- or DVD-Roms, 
PDAs and Smartphones. 
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The database of characters is 
organised on two levels of 
information, and both data input 
and management are made 
t h r o u g h s i m p l e H T M L 
interfaces. 

FRIDA can produce keys to any 
selection of taxa from the 
database, generating true multi-
authored identification keys.
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Ma torniamo un attimo indietro…



……e precisamente al 1455.



Digital identification keys can be produced by following any sequence of 
characters, not only that imposed by biologic classification. A computer can in fact 
shuffle the characters, on the basis of users' requests.  

As an example, it is possible to produce keys which prioritize colours (of leaves, 
flowers and fruits) or shapes, hence creating different keys to the same group of 
organisms. These keys can have different applications for different target users 
and in different time frame. 

Furthermore, it is possible to introduce in the keys features which are normally 
absent in "classic" keys, such as ecological, and distributional informations, hence 
contextualising the lists of organisms.
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The publication of identification keys in paper printed journals and books forced 
authors to follow the logical scheme of biological classification, especially while 
dealing with big taxa. 
Human brain, even when well trained, can not organise in a data table all the 
features which are necessary to identify all the organisms e.g. in a country, and to 
organise these data as a computer, when well programmed, can. 
Hence, it is necessary, for a scientist, to split large groups into smaller ones, until 
reaching "manageable" sizes, normally at genus level. To do this, the better way is 
to follow biologic classification. 
"Classic" paper printed keys first lead to orders, then to families and genera. At the 
end, for each genus, a key to the species is provided. 
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In these keys, biological classification is the key to access species' names. Hence, 
the misunderstanding of considering identification and classification as synonyms.  
Features which are used to identify the higher taxa are, however, normally difficult. 
Hence, "classic" keys are intrinsically difficult.
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Genus

Family

Order

Species

Ovary inferior Ovary superior

Stamens hairy

Carpels 5, fusedCarpels 4, free

Stamens glabrous

Fruit dehiscent Fruit non dehiscent
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Genus
Family
Order

Species

Flowers red, 
leaves divided

Flowers white, 
leaves entire
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Classic keys are printed on paper, and can not be modified without a new printed 

edition. 

Nomenclatural changes, progress in exploration, discovery of new species, often 

render a classic key outdated within a few years. 

Computerised systems can be updated and corrected in real time.
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The larger a group of organisms is, the higher the number of characters required to 

identify them, the more difficult for an user to identify them. 

Computerised tools permit to reduce the set of organisms using different 
combinations of morphological, ecological, and distributional characters. 
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Spatial contextualisation.  

National, regional, or local checklists 
normally contain an high number of 
congeneric organisms, which are often 
very similar. 
Their identification is tuhs difficult, since 
it requires the observation of "complex" 
features. 
As an example, the genus Trifolium in 
Italy counts ca. 100 infrageneric taxa. 

Reducing the key to a subset of the 
whole flora makes things far easier.

?
?

!!
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Normally, congeneric taxa rarely rarely occur in great number in the same, area, if 
it is "small enough".  
The size obviously depends on the group of organisms which are investigated.  
As an example, in the garden of a school, there will be hardly more than two or 
three species of the genus Trifolium.  
Contextualising a digital identification key to an area permits to get rid of all the 
organisms which are known, because of their distribution and ecological 
constraints, not to occur in that area. 
The contextualisation, as far as digital keys are concerned, can be obtained by 
following three approaches: 
- a priori, by producing small digital keys for different areas.  
- a posteriori, by producing keys which are context aware, normally by using the 
GPS devices which are present on mobile devices 
- mixed, by producing different keys for contiguous areas, and asking the user to 
select the area for which he is performing the identification. 
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Traditional keys contain a large amount of information which is frozen into the 

logical structure build by their author(s).  

Computerised floras are “elastic”. They can generate, from a single dataset, a 
wealth of different products, which would have required a huge amount of work in 
the past. 
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Often a table of characters is identified as an identification key. This "vision" 
derives from the history of digital identification, which begone with digital keys 
made of a data table embedded in the software for the identification. 
The heritage of that time is a great amount of digital keys which do not 
"communicate" with each other, so that their data are "lost", no more reusable. 
Nowadays, this approach is outdated, but this confusion is still present.  
ICT permits now to build big data tables. Ideally, one table could contain a record 
for each organism in the world. 
These data tables can constantly be updated with new records and characters, 
while their instances could be used to produce an ideally infinite number of digital 
identification keys. 
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Digital keys based on databases are “accumulative”.  

A small database can be the starting point for future expansions.
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Users can also "personalize" their 
identification keys with user-generated 
content, by using ad-hoc softwares, or 
simply the instruments of the web 2.0.
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The result of a computer elaboration can be stored on different digital media, or 

travel through the internet.  

A key can be stored on CD- or DVD-ROMs, as well as on memory cards, or used 
on-line when an internet connection is available. 
They can be also printed on digital books, or on paper as well.
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fixed pathway keys: identification path was fixed by the author(s) 

These keys can be: 
•static, if published in the web as simple html pages, or on paper, or when 
used by single-access interfaces that simply follow the identification path 
•dynamic, when used through an interface, which, disrupting the original 
fixed structure, builds a new structure on the basis of user’s input. 

free pathway keys: the user is free to choose which character to use in each step 
of the identification process 

These keys are used through multi-access query interfaces, and are always 
dynamic 



Interfaces



Single access



Multi-entry



Free-access



The “best” character 
 dilemma



Some questions: 

Which is the “best” character in an identification key? 

Which is the “best” sequence of characters in an identification key?  

Does it exits ONE “best” sequence for characters in an identification key?



According to Dallawitz, Paine & Zurcher: 

“the best 2-state characters are those that divide the remaining taxa into groups that 
are as nearly equal as possible”. 

The number of steps required to reach each organism in the key will be equal to 

log2N 

where N is the total number of organisms in the key.  

The “worst” characters, on the contrary, are those separating only one organism. By 
using the “worst” 2-state characters only, a key will result  

(N–1)(N+2)/(2N) 

steps long. 







An estimate of the ratio  

cost 
----------- 
efficency  

is often used to define the concept of “best character” in the field of industrial 
identification, as an example of yeasts. 

The concept of “cost” can be well defined as far as laboratory tests are concerned, 
but it could be more difficult in other contexts where an identification is 
performed.



The concept of “best” character in building a “successful” identification key depends 
on what the term “successful” means 

A “successful” key is the one with the shortest branches, or the most easy to use by 
target users? 

There are not “best” character(s), or “best” sequences, but there can exist “better” 
characters, and sequences, than others in different contexts.



The context can be defined by a combination of several parameters, as: 
•   target users 
•   group of organisms 
•   equipment 
•   season 

A taxonomists only, which knows a group of organisms, can choose the most 
effective sequence of characters to build a successful key. 



Other approaches



DNA barcode 

Require limited human intervention in the process 

Can work also on a single fragment of a specimen 

Require a relevant skill level 

Not portable in the field, at the moment 

The identification process leads to an array of names (0-n)
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DNA barcoding employs sequence diversity in short, standardized gene regions to aid 
species identification and discovery in large assemblages of life. Ideally, one gene sequence 
would be used for all taxonomic groups.  

However, no suitable gene region has been found yet, so different barcodes are used for 
different groups of organisms. 

For animals, the most widely used barcode is the mitochondrial cytochrome C oxidase I (COI) 
locus, while other mitochondrial genes are used as well. They are preferred over nuclear 
genes since they lack introns, are haploid, and have limited ricombination. Moreover, there are 
up to several thousand mitochondira in each cell. 

In plants mitochondrial genes have a too low mutation rate. Thus, candidate genes have been 
found in the chloroplast genome, above all the maturase K (matK), often in association with 
other genes such as the ribosomial internal transcriber spacer (ITS), the ribulose-1,5-
biphosphate carboxilase gene (rbcl), etc. 

In fungi things are trickier. More than one locus has to be used at the same time. Normally, ITS 
rDNA, togfether with the large subunit of nuclear ribosomal RNA (LSU) are used.
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However, the process can be used to face identification of organisms in environmental DNA 
samples.



The Barcode of Life Data System (bold) — 
www.boldsystem.org — provides an 
in tegra ted b io in fo rmat ics p la t fo rm 
supporting all phases of the analytical 
pathway from specimen collection to tightly 
validated barcode library.  
It is a repository for the specimen and 
sequence records that form the basic data 
unit of all barcode studies.  
I t i s a w o r k b e n c h t h a t a i d s t h e 
management, quality assurance and 
analysis of barcode data.  
It provides also a vehicle for collaboration 
among diverse research centres.
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Automated image recognition 

Require limited human intervention in the process 

Do not require any skill level 

Normally need a “good” specimen to perform at their best 

Available on a digital support 

Are portable in the field 

Normally used off-line 

The identification process leads 
to an array of names (0-n)
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Relevant characters for automated identification 

Leaf shape  A multitude of methods for its description can be found in literature. Also, most 
traditional taxonomic keys involve leaf shape for discrimination. While traditional identification 
categorizes leaf shape into classes (e.g., ovate, oblique, oblanceolate), computerized shape 
descriptors either analyze the contour or the whole region of a leaf. Initially, basic geometric 
descriptors, such as aspect ratio, rectangularity, circularity, and eccentricity, were used to 
describe a shape. Later, more sophisticated descriptions, such as center contour distance, 
Fourier descriptors, and invariant moments, were intensively studied. 

The vein structure. Venation extraction is not trivial, mainly due to a possible low contrast 
between the venation and the rest of the leaf blade structure. Some authors have simplified 
the task by using special equipment and treatments that render images with more clearly 
identified veins. However, this defeats the goal of having users get an automated 
identification for specimens that they have photographed with ordinary digital cameras.
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Relevant characters for automated identification 

Leaf color is considered a less discriminative character than shape and texture. 

Flower shape has hardly been considered so far. Interestingly, flower shape is an important 
characteristic in the traditional identification process. However, previous attempts for 
describing flower shape in a computable form did not find it to be very discriminative. A major 
reason is the complex 3D structure of flowers, and their changes in time. 

Flower color is a more discriminative character. For automated identification, color has been 
mostly described by color moments and color histograms. Due to the low dimensionality and 
the low computational complexity of these descriptors, they are also suitable for real-time 
applications. However, solely analyzing color characters, without, e.g., considering flower 
shape, cannot classify flowers effectively. 

Various previous studies showed that no single character may be sufficient to separate all 
desired taxa, making character selection and description a challenging problem. 
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How do we see a flower: botanist vs. computer
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Large intra-specific visual variation

Lapsana communis                                                  Centaurea pseudophrygia
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Fundamental steps of supervised machine learning for image-based 
species identification.
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Plant diseases 

Plant diseases are a major economic issue, 
especially in agricultural ecosystems. They 
need to be addresser properly, in order to 
avoid loss of money and time. 
Thus, a correct identification of the pathogen 
is mandatory for control and mitigation. 
Image recognition tools can support the 
identification of plants diseases on the basis 
of the morphology of the infected portions of 
the plants. 

Certified images are used as a test set for 
training identification algorithms, which are 
then tested on other sets of images (test sets).
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