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Abstract
Despite advances in computer technology and the increasing availability of multiple-access taxonomic 
keys, traditional dichotomous keys remain the most often used taxonomic identification tools. On the 
other hand, there seems to be a lack of an editor of dichotomous keys, which is both freely available and 
easy to use. The DKey software was developed in order to alleviate this problem. A taxonomic key in text 
format can be imported to the software in order to edit it. Various editing options are possible, including: 
moving couplets, removing couplets, combining keys and renumbering keys. The software can output the 
key either in the traditional text format, ready for publication in a scientific journal, or in hypertext linked 
format, which makes identification faster and easier, due to the fact that pointers can be clicked in order 
to move to the next couplet. The DKey software should be useful for both taxonomic experts creating 
keys and those who use them for identification. The DKey software is freely available and open source.
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Introduction

The identification of species is often based on dichotomous keys (also called single-
access keys or pathway keys) (Quicke 1993, Walter and Winterton 2007). They are 
a series of consecutively numbered couplets. Each couplet consists of two parts called 
leads. At the end of each lead, there is a reference, which can be either a number point-
ing to another couplet or a text indicating the name of a species or another taxonomic 
group. The two types of references are called “pointer” and “endpoint”, respectively. 
The identification based on a dichotomous key starts at couplet number one and it is 
stepwise. At each step, the user reads both leads of a couplet and chooses one that bet-
ter fits the identified individual. If the chosen lead is associated with a pointer, then the 
user goes to another couplet, which is the next step of the identification. The identifica-
tion is finished when the chosen couplet is associated with an endpoint.

Originally, dichotomous keys were constructed by taxonomic experts without any 
support form computer technology. However, when computers became more wide-
spread, computer programs for the automated construction of taxonomic keys were 
developed (Pankhurst 1971, Dallwitz 1974, Quicke 1993). Computerized key con-
struction software requires a data matrix consisting of a table with information about 
multiple characters of each taxon in the key. The key is constructed automatically by a 
computer algorithm; however, there is often the need for some intervention from the 
user to improve it. The data matrix can also be used for the construction of a free-access 
key (also called a multi-access key) (for review see Walter and Winterton 2007, Hage-
dorn et al. 2010, Cerretti et al. 2012). In this type of taxonomic key, there is no fixed 
sequence of identification steps. Instead, the user chooses characters from the data 
matrix that are easily available. This attitude can be preferred when some characters are 
not available in the identified specimen.

Multiple-access keys have many advantages (Dallwitz et al. 2000). In those keys 
not only qualitative but also quantitative characters can be used. Moreover, tolerance 
to errors is higher than in dichotomous keys. Despite their advantages multiple-access 
keys have not become overwhelmingly popular among taxonomist and manmade di-
chotomous keys remain the most often used identification tool (Quicke 1993, Walter 
and Winterton 2007). The preparation of the data matrix and, in particular, the fine 
tuning of the process of key construction requires some specialist knowledge. On the 
other hand, most taxonomists have limited interest in computer technology and so-
phisticated software can intimidate them. In consequence, many taxonomists design 
dichotomous keys without the use of any dedicated computer software, except a text 
editor. Creating a key in this way is time-consuming. A relatively simple task of num-
bering couplets is tedious and error prone. This task can be repeated many times when 
preparing the key, as any removal or addition of a couplet requires renumbering of 
some couplets and pointers. This problem is particularly acute in the case of large keys 
consisting of hundreds of couplets. There seems to be a lack of an editor of dichoto-
mous keys, which is freely available and easy to use.



DKey software for editing and browsing dichotomous keys 133

The aim of the project was to develop the DKey software, which would assist tax-
onomists in the preparation of dichotomous identification keys. A taxonomic key in 
text format can be easily imported to the software in order to edit it. The software can 
output the key either in traditional text format, ready for publication in a scientific 
journal, or hypertext linked format, which makes identification faster and easier. The 
DKey software is freely available and open source.

Methods

DKey was developed in the C++ programming language. It is based on the QT frame-
work. At the moment, executables are available for the Windows operating system 
(http://drawwing.org/dkey). However, users of macOS and Linux can obtain the 
source code and build executables for their operating system, as QT is a cross-platform 
framework. In future access to DKey should be equally easy for all three operating sys-
tems. The source code of the software can be downloaded from the GitHub (https://
github.com/DrawWing/DKey). DKey is open source and it is licensed under GNU 
General Public License, version 3.

DKey allows for reticulation, which means that a couplet can be reached over more 
than one path and a single taxon can be associated with more than one endpoint. The only 
restrictions are that the couplet numbers need to be unique, they need to start with 1, they 
need to be consecutive, each couplet need to be reached from couplet 1 and it needs to 
refer either to an existent other couplet or an endpoint. The software does not create the 
key automatically; it is a responsibility of the taxonomic expert to create couplets and to 
arrange them in an optimal way. In order to test the software, I have used the existing key 
to the genera of Agathidinae (Hymenoptera, Braconidae) (Sharkey et al. 2009).

Results

Description of the software

The DKey software has a graphical user interface. In the main window, the taxonomic 
key is displayed in a table (Fig. 1A) where one row corresponds to one couplet. There 
are three columns. In the first column, there is the couplet number; in the second col-
umn, the first lead; and finally, in the third column, the second lead. The table can be 
used to edit the key. It is possible to insert, remove, copy, cut and paste couplets. Those 
editing operations can be made only within one key. If two keys need to be combined, 
the “append” option should be used. Then, the content of the appended file is added 
at the end of the currently edited key.

When couplets are inserted, removed, moved or copied, the key is not renumbered 
automatically and its consecutive numbering can be temporally broken. The user decides 

http://drawwing.org/dkey
https://github.com/DrawWing/DKey
https://github.com/DrawWing/DKey
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Figure 1. An example of using the DKey software based on the key to the genera of Agathidinae (Sharkey et al. 
2009). The key was imported to the DKey software (A) and displayed in an interactive key browser (B).

when the renumbering occurs. This makes it easier to keep track of changes made. Moreo-
ver, the renumbering can take a noticeable time in the case of large keys. The renumbering 
should be done before the key is exported or displayed in the key browser.

There is a validation tool allowing to find logical errors in the key. Among others it 
is verified if the couplet numbering is unique and consecutive, if the pointers are valid 
and if each couplet has at least one reference in other couplets. Moreover, a warning 
is generated whenever reticulation occurs in the key. The reticulation means that the 
same endpoint occurs in the key more than once or a single couplet is referred by more 
than one couplet. A key created with DKey can be saved in a XML file which allows 
relatively easy import to other software. Moreover, in this format international charac-
ters can be safely exchanged between operating systems.
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DKey can format the key in various ways. For publication in a scientific journal, 
the key can be saved in rich text format. On the other hand, for making the key avail-
able online, it should be saved in hypertext linked format. In this format, pointers can 
be clicked in order to move to the next couplet. Moreover, a key browser (Fig. 1B) 
can be used on a local computer to make identification more user-friendly. In the key 
browser, only one couplet is displayed at any time. The key browser consists of five 
windows. The two top windows contain the two leads of the couplet and images associ-
ated with the leads. If a lead is associated with a pointer, there is a link to the pointed 
couplet. The three bottom windows of the key browser contain: the path, the remain-
ing endpoints and the excluded endpoints. The path, or history of identification, con-
tains a list of couplets leading to the current couplet. The remaining endpoints contain 
a list of taxa, which can be reached from the current couplet. The excluded endpoints 
contain list of taxa, which cannot be reached from the current couplet. At the begin-
ning of identification, when the first couplet is displayed, the path window and the 
excluded endpoint window are empty; on the other hand, the remaining endpoint 
window contains all the taxa covered by the key. By following the steps of the identi-
fication and visiting couplets, the lists in the path window and the excluded endpoint 
window are growing and the list in the remaining endpoint window is shrinking until 
there are only two endpoints.

Identification using a key browser is easier because the user moves from couplet 
to couplet by clicking a chosen lead. It is also possible to go back to the earlier stages 
of identification by clicking on the list of steps leading to current couplet. Moreover, 
the software searches the leads for the keyword “Fig.”, and if found, it looks for the 
presence of an image file in the same directory. If the image is found, it is displayed 
in the key browser next to the lead in which it is referenced. This simple mechanism 
is sufficient for the integration of images into the key; there is no need for a manual 
linking of images with couplets.

Getting started

The preparation of a new key can be started from scratch using the “new key” option. 
Then, the first dummy couplet, which needs to be edited, is created. In order to edit 
the couplet it should be double clicked. More couplets can be added using the option 
“insert couplet below” (for details see Suppl. material 1).

Taxonomic keys are often developed by the modification of older keys created by 
another expert. Therefore, the import of an existing key in text format is an important 
part of the software. Traditional dichotomous taxonomic keys are usually formatted in 
a consistent way (Quicke 1993); therefore, they can be analyzed by computer software 
in order to extract various information. In the language of computer technology, the 
analysis is called “parsing”. The DKey software parses the key in text format in order 
to extract all relevant information, including: number of the couplet, leads, pointers 
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and endpoints. In order to facilitate the import, the user should place leads in separate 
lines and place a tab character in each line before pointers or endpoints. The process 
of import is not interactive and incorrect preparation of the imported file will result in 
incorrect key structure. However, the described earlier validation can be used to detect 
those errors. If the errors are present the user should edit the imported file and repeat 
the import.

In order to illustrate the import, the key to the genera of Agathidinae (Sharkey 
et al. 2009) was saved as a plain text file and small adjustments facilitating the import 
to the DKey software were made (for details see Suppl. material 2). The modifications 
included adding a tab character before each reference (both endpoint and pointer), 
adding the keyword “Fig.” before each figure number and removing unwanted line 
breaks within each lead. The modified text file was imported to the DKey software. In 
the imported key some errors were detected because there was one couplet (number 
two) with three leads. It was converted to two couplets with two leads in order to be 
compatible with the dichotomous key. Finally the key was renumbered in order to 
correct it for the added couplet in which the number was not consecutive (Fig. 1A, B).

Discussion

The DKey software fills the gap for an easy-to-use and free editor of conventional 
dichotomous taxonomic keys. The main advantage of the DKey software is its wide 
availability. It can be downloaded free of charge and used by both scientists as well as a 
wider audience. The price of commercial software, for example Lucid Phoenix (Anony-
mous 2017), can be prohibitive for some enthusiasts of taxonomy. Not only is the 
DKey software free of change, but its source code is also widely available. Therefore, it 
can be developed in the future by a larger group of programmers who can correct and 
improve it. In consequence, the software can survive longer. Many projects related to 
biodiversity informatics vanished or stopped to be developed when the funding has 
finished or when the original developer lost interest in the further improvement of the 
software. In the case of open source software, there is a chance that programmers, other 
than the author, will continue the work on it.

There were other attempts to develop free and open source software for taxonomic 
keys. Open Key Editor (Martellos et al. 2010, van Spronsen et al. 2010) can be used 
to create user-friendly taxonomic keys available online or on mobile devices. This soft-
ware is open source; however, the license under which it is distributed is relatively 
restrictive (Hagedorn et al. 2011). The installation of Open Key Editor can be difficult 
for most taxonomists, as it requires a web server, the creation of an SQL database and 
a manual modification of the configuration files.

There is also a wide range of freely available software, which can be used for the 
creation of online identification keys, including: ActKey (Brach and Song 2005), AR-
PHA Writing Tool (Smith et al. 2013), KeyBase (Thiele and Klazenga 2016), WE-
BiKEY (Attigala et al. 2016). The purpose of this software is to make identification 



DKey software for editing and browsing dichotomous keys 137

easier. Taxonomic keys published in scientific journals and books are formatted for ef-
ficient printing and page layout. This formatting can create problems for the key users, 
as images are usually on a different page then the couplets referring to them. In order 
to minimize those problems, dichotomous keys can be implemented as a webpage or 
a computer program. In this form, the key is more user-friendly and the identification 
time can be markedly reduced because the user does not need to flip pages to find the 
next couplet or an image (Wright et al. 1995, Farr 2006, Burkmar 2014). However, 
the process of preparing the computer-based keys can be time-consuming because it 
requires the preparation of a data matrix or rewriting the key. On the other hand, 
DKey allows a relatively easy import of existing keys and images. A user of a traditional 
printed key can scan it, convert it to text and import it to the DKey software in order 
to make identification faster and more flexible. Moreover, taxonomic experts who use 
the software to create a key for scientific publication do not need to invest any more 
time or effort to create a computer-based version of the key.

In contrast to other free software, DKey is focused not only on the creation of 
computer based keys but also provides many editing options, which are not available 
elsewhere, including: import from text, export to text, combining keys, moving and 
copying couplets. The DKey software is particularly useful in the case of large taxo-
nomic keys consisting of hundreds or thousands of couplets. Nowadays, the identifi-
cation of large taxonomic groups involves using many small keys. There are separate 
keys for families, genera, species groups and species. The smaller keys are easier to 
manage by the taxonomic experts who created them because their renumbering is less 
time-consuming. On the other hand, this solution is less user-friendly because the user 
needs to find the key to the next taxonomic level. DKey can be easily used to combine 
many smaller keys into one very large one.

Taxonomists are encouraged to publish their datasets and allow others to re-use 
them in the future (Penev et al. 2008, 2009). The current recommendations (Penev 
et al. 2009) are related mainly to interactive keys based on data matrices and there is 
no standard format for dichotomous keys. The later keys are usually presented in two 
main formats: bracketed and indented (Quicke 1993). Within each of those formats, 
there are many variants with various punctuation marks around couplet numbers. This 
variation hinders the process of parsing a key in text format by a computer software. 
The use of standard formatting would make the exchange of information easier. The 
format in which the key is saved by the DKey software can become such a standard.

Conclusion

The DKey software is an easy-to-use and freely available dichotomous taxonomic key 
editor. It can be used for importing existing keys, editing them and exporting them in 
various formats. Some of the formats are suitable for publication in scientific journals; 
others make identification easier and faster. The DKey software should be useful for 
both taxonomic experts creating keys and those who use them for identification.



Adam Tofilski  /  ZooKeys 735: 131–140 (2018)138

Acknowledgements

I would like to thank Shaun Winterton and Lyubomir Penev for the helpful comments 
on an earlier version of the manuscript. This study was supported by the Ministry of 
Science and Higher Education grant number DS-3500.

References

Anonymous (2017) Lucid Phoenix. http://www.lucidcentral.com/en-us/software/lucidphoenix.aspx 
[November 20, 2017]

Attigala L, Silva NID, Clark LG (2016) Simple Web-based interactive key development soft-
ware (WEBiKEY) and an example key for Kuruna (Poaceae: Bambusoideae). Applications 
in Plant Sciences 4: 1500128. https://doi.org/10.3732/apps.1500128

Brach AR, Song H (2005) ActKey: a Web-based interactive identification key program. Taxon 
54: 1041–1046. https://doi.org/10.2307/25065490

Burkmar R (2014) The shifting paradigm of biological identification. Fields Studies Council, 
Shrewsbury, 37 pp.

Cerretti P, Tschorsnig H-P, Lopresti M, Di Giovanni F (2012) MOSCHweb—a matrix-based 
interactive key to the genera of the Palaearctic Tachinidae (Insecta, Diptera). ZooKeys 205: 
5–18. https://doi.org/10.3897/zookeys.205.3409

Dallwitz MJ (1974) A flexible computer program for generating identification keys. Systematic 
Biology 23: 50–57. https://doi.org/10.1093/sysbio/23.1.50

Dallwitz MJ, Paine TA, Zurcher EJ (2000) Principles of interactive keys. Web-based document 
http://delta-intkey.com. Available from: http://delta-intkey.com/www/interactivekeys.pdf 
[September 21, 2017]

Farr DF (2006) On-line keys: more than just paper on the web. Taxon 55: 589–596. https://
doi.org/10.2307/25065636

Hagedorn G, Mietchen D, Morris RA, Agosti D, Penev L, Berendsohn WG, Hobern D (2011) 
Creative Commons licenses and the non-commercial condition: Implications for the re-
use of biodiversity information. ZooKeys 150: 127–149. https://doi.org/10.3897/zook-
eys.150.2189

Hagedorn G, Rambold G, Martellos S (2010) Types of identification keys. In: Nimis PL, Lebbe 
RV (Eds), Tools for Identifying Biodiversity: Progress and Problems. Edizioni Università 
di Trieste, Trieste, 59–64.

Martellos S, Van Spronsen E, Seijts D, Aloy NT, Schalk P, Nimis P (2010) User-generated con-
tent in the digital identification of organisms: the KeyToNature approach. International 
Journal of Information and Operations Management Education 3: 272–283. https://doi.
org/10.1504/IJIOME.2010.033550

Pankhurst RJ (1971) Botanical keys generated by computer. Watsonia 8: 357–368.
Penev L, Erwin T, Sues H, Engel M, Agosti D, Pyle R, Ivie M, Assmann T, Henry T, Miller 

J, Casale A, Lourenco W, Golovatch S, Fagerholm H, Taiti S, Alonso-Zarazaga M, van 
Nieukerken E (2008) ZooKeys, unlocking Earth’s incredible biodiversity and building a 

http://www.lucidcentral.com/en-us/software/lucidphoenix.aspx
https://doi.org/10.3732/apps.1500128
https://doi.org/10.2307/25065490
https://doi.org/10.3897/zookeys.205.3409
https://doi.org/10.1093/sysbio/23.1.50
http://delta-intkey.com
http://delta-intkey.com/www/interactivekeys.pdf
https://doi.org/10.2307/25065636
https://doi.org/10.2307/25065636
https://doi.org/10.3897/zookeys.150.2189
https://doi.org/10.3897/zookeys.150.2189
https://doi.org/10.1504/IJIOME.2010.033550
https://doi.org/10.1504/IJIOME.2010.033550


DKey software for editing and browsing dichotomous keys 139

sustainable bridge into the public domain: From “print-based” to “web-based” taxonomy, 
systematics, and natural history. ZooKeys 1: 1–7. https://doi.org/10.3897/zookeys.1.11

Penev L, Sharkey M, Erwin T, van Noort S, Buffington M, Seltmann K, Johnson N, Taylor M, 
Thompson F, Dallwitz M (2009) Data publication and dissemination of interactive keys 
under the open access model. ZooKeys 21: 1–17. https://doi.org/10.3897/zookeys.1.11

Quicke DL (1993) Principles and techniques of contemporary taxonomy. Chapman & Hall, 
Glasgow, 311 pp. https://doi.org/10.1007/978-94-011-2134-7

Sharkey MJ, Yu DS, van Noort S, Seltmann K, Penev L (2009) Revision of the Oriental genera 
of Agathidinae (Hymenoptera, Braconidae) with an emphasis on Thailand including inter-
active keys to genera published in three different formats. ZooKeys 21: 19–54. https://doi.
org/10.3897/zookeys.21.271

Smith V, Georgiev T, Stoev P, Biserkov J, Miller J, Livermore L, Baker E, Mietchen D, Cou-
vreur T, Mueller G, Dikow T, Helgen KM, Frank J, Agosti D, Roberts D, Penev L (2013) 
Beyond dead trees: integrating the scientific process in the Biodiversity Data Journal. Bio-
diversity Data Journal 1: e995. https://doi.org/10.3897/BDJ.1.e995

van Spronsen E, Martellos S, Seijts D, Schalk P, Nimis PL (2010) Modifiable digital identifica-
tion keys. In: Nimis PL, Lebbe RV (Eds) Tools for Identifying Biodiversity: Progress and 
Problems. Edizioni Università di Trieste, Trieste, 127–131.

Thiele K, Klazenga N (2016) KeyBase-teaching old keys new tricks. Australasian Plant Conser-
vation: Journal of the Australian Network for Plant Conservation 25: 3–4.

Walter DE, Winterton S (2007) Keys and the crisis in taxonomy: extinction or reinven-
tion? Annual Review of Entomology 52: 193–208. https://doi.org/10.1146/annurev.
ento.51.110104.151054

Wright JF, Morse DR, Tardivel GM (1995) An investigation into the use of hypertext as a user 
interface to taxonomic keys. Bioinformatics 11: 19–27. https://doi.org/10.1093/bioinfor-
matics/11.1.19

Supplementary material 1

Video tutorial describing how to build a simple taxonomic key using DKey software
Author: Adam Tofilski
Data type: Multimedia.
Explanation note: Use any video player which supports MP4 format in order to see 

the tutorial.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.735.21412.suppl1

https://doi.org/10.3897/zookeys.1.11
https://doi.org/10.3897/zookeys.1.11
https://doi.org/10.1007/978-94-011-2134-7
https://doi.org/10.3897/zookeys.21.271
https://doi.org/10.3897/zookeys.21.271
https://doi.org/10.3897/BDJ.1.e995
https://doi.org/10.1146/annurev.ento.51.110104.151054
https://doi.org/10.1146/annurev.ento.51.110104.151054
https://doi.org/10.1093/bioinformatics/11.1.19
https://doi.org/10.1093/bioinformatics/11.1.19
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/zookeys.735.21412.suppl1


Adam Tofilski  /  ZooKeys 735: 131–140 (2018)140

Supplementary material 2

Video tutorial describing how to import a taxonomic key to DKey software
Author: Adam Tofilski
Data type: Multimedia.
Explanation note: Use any video player which supports MP4 format in order to see 

the tutorial.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.735.21412.suppl2

http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/zookeys.735.21412.suppl2

	DKey software for editing and browsing dichotomous keys
	Abstract
	Introduction
	Methods
	Results
	Description of the software
	Getting started

	Discussion
	Conclusion
	Acknowledgements
	References
	Supplementary material 1
	Supplementary material 2

