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Figure 60. Use a subset of the taxa button.

Figure 61. Find text in taxon names button.

Figure 59. Diff erences between taxa button.
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Dichotomous keys

DELTA can produce keys as text outputs using the Confor directive fi le tokey (and 
fi les under the Key tab). Th is facility can produce dichotomous keys to large numbers 
of taxa and has some important advantages over traditional dichotomous key-making 
using manual methods. Th ese include the ability to produce keys quickly in an auto-
mated process, the ability to consequently re-generate the key at any time, for example 
to update after making changes to taxa or characters in the database, the ability to 
make keys to subsets of the taxa, such as the species of a particular area, and using sub-
sets of the characters for special purposes. Th e key program can also be set to use addi-
tional characters (confi rmatory characters) at each step in the key if any are available.

One of the advantages of the DELTA dichotomous key-making program is that 
at each step characters are chosen according to a measure of best separation of the 
taxa, and this calculation is aff ected by factors that can be set, both overall or for each 
character. As the key generation occurs automatically when tokey is run, these settable 
factors provide only an indirect way to infl uence which characters are being used in 
the key and in which sequence they occur. DELTA prefers those characters (analagous 
to ‘Best’ characters in Intkey, see below) that would split a set of taxa in nearly equally 
large groups. However, the user can raise the ‘character reliabilities’ in tokey and DEL-
TA will use these characters for the construction of the key earlier.

Th is is a powerful and useful facility, details of which are given in the DELTA 
User Guide referred to earlier. In the following section we describe an alternative 
method for making small dichotomous keys using Intkey, which is less well docu-
mented elsewhere.

Making a dichotomous key using Intkey

In order to have full control on the characters being used for the construction of a key, we 
recommend using Intkey. Th is method works very well for making keys for a small number 
of taxa. Dichotomous keys are not necessary when it is possible to use interactive keys, but 
there are times when a dichotomous key may be required, for instance in a published paper.

Th e following instructions show two things at the same time: how to identify species 
using Intkey and how dichotomous keys are produced by a sequence of identifi cation steps.

Using Intkey to help build such a key allows the author complete control of its 
construction. Th e process uses Intkey to keep track of characters and taxa instead of 
manual aids such as a table of characters, or the error-prone reliance on memory. It 
also takes advantage of the powerful Best function of Intkey to help in the choice of 
characters at each step, but aided by the users appreciation of the useability or ease of 
observing and understanding the diff erences between states of the characters. In what 
follows the user writes the key separately, although character text can be copied and 
pasted from a copy of the characters, which can be easily obtained from Intkey in Ad-
vanced mode from the menu: browse/characters/all.
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Using the AusLeucothoid database as an example:

• Start up Intkey.
• Set to Advanced mode (drop down menu: File/Advanced mode).
• Set to interrogation mode, by clicking on the red question mark button (Fig. 63).

Figure 62. Switching into Advanced mode.

Figure 63. Interrogation mode.

Figure 64. Character 21 is selected for the fi rst step of identifi cation.
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Figure 65. Th e fi rst character separated the taxa into two groups of about equal size. For the Eliminated 
Taxa the selected character state did not match.

• In the left hand column of the Best Characters box look for a Best score of around 1. 
Th is will divide the taxon set into halves. Look for a character that is clear and easy 
to recognise. For instance ‘gnathopod 1 dactylus size’ (Fig. 64).

• Choose state 1 ‘gnathopod 1 dactylus well developed’ and Intkey selects 8 species of 
Leucothoe and eliminates 9 other species, mainly Anamixis and Paraleucothoe (Fig. 65).

• Continue with the Leucothoe selection and ignore the eliminated taxa for now.
• So the fi rst dichotomy in your key is:

1. Gnathopod 1 dactylus well developed ........................................................ 2
– Gnathopod 1 dactylus vestigial ..............................................................x �

• Look again for a Best score of around 1, again emphasizing clarity and easy recogni-
tion. Select for instance, ‘pereopod 4 coxa posterior margin with a posteroventral lobe’ 
(Fig. 66). Intkey selects 4 species.

• So the second dichotomy becomes:

2. Pereopod 4 with well developed posteroventral lobe ............................. 3
– Pereopod 4 without posteroventral lobe ......................................... x � 5

• At this stage a Best score of 1 is no longer available (Fig. 67). Epimeron 3 with a 
score of 1.5 is not optimal because it is a 4 state character. But the epimeron is easy 
to see and only three states are scored for the remaining taxa (which can be deter-
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mined by examining the data for that character for the remaining taxa by using the 
Intkey menu to click Queries/Describe/Remaining (taxa)/Available (characters)/
List, and selecting the relevant character – the results appear in a separate window). 
So a trichotomy is possible. We now reach several endpoints in the key which we 
obtain by following each state of the character then going back (see below for how 
to do this). It might be possible to represent the generic name Leucothoe by L., but 
in this key there are two genera, Leucothoe and Leucothoella starting with the same 
letter so it is better to use the entire species name. 

3. Epimeron 3 posteroventral corner notched ................Leucothoe assimilis
– Epimeron 3 posteroventral corner narrowly rounded ....Leucothoe goowera
– Epimeron 3 posteroventral corner subquadrate .................................... 4

Figure 66. Character 31 is another well visible trait, it has the ideal Best index of 1.0.

Figure 67. Character 31 separated the 8 Remaining Taxa into halves by eliminating 4 taxa.
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• Th ere are now four characters which will separate the remaining taxa. In this case 
it might be possible to select two of the Best list: ‘gnathopod 2 carpus shape’ and 
‘pereopod 3 coxa ventral margin’ (Figs 68–70). 

 
4. Gnathopod 2 carpus with simple apex. Pereopod 3 coxa ventral margin 

slightly convex .................................................... Leucothoe commensalis
– Gnathopod 2 carpus with large subapical tooth. Pereopod 3 coxa ventral 

margin oblique and slightly concave .................... Leucothoe diemenensis

• It is now necessary to go back to couplet 2 and pick up the four taxa with a ‘well devel-
oped gnathopod 1 dactylus’ and ‘without a posteroventral lobe on the coxa of pereopod 4’. 
Th is can be done by clicking on the epimeron 3 character in the bottom left “used char-

Figure 68. Character 24 again splits the Remaining Taxa into two equally large groups.

Figure 69. Using a fourth character.
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Figure 70. Th e identifi cation sequence for one part of the key is complete. Now we go back a few steps 
to continue to work on the key.

Figure 71. Th e second group of taxa is used to create the dichotomous key.

Figure 72. Character 22 has a Best index of 1.0 which is ideal for identifi cation.
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Figure 75. Selecting character states.

Figure 73. Clicking on the Images button during the selection of character states will show the illustra-
tions for all character states.

Figure 74. Clicking on the Images button during the selection of character states will show the illustra-
tions for all character states.
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Figure 77. For the second set of taxa the identifi cation is fi nished and another endpoint of the key is reached.

Figure 78. Character 20 is connected to character 18. Clicking on character 20 will open character 18 fi rst.

Figure 76. Selecting character states.
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acter” box. Th en click on the highlighted state in the upper left “select state or states” 
box to deactivate it and select OK. Repeat for character 30, pereopod 3 coxa ventral 
margin. Th en click on the pereopod 4 character in the “used character” box, deactivate 
the highlighted state by clicking on it and select without posteroventral lobe (Fig. 71). 

• Th ere are two Best characters with a value of 1, either or both of which will separate 
the remaining taxa: gnathopod 2 coxa breadth and/or pereopod 3 coxa ventral margin. 
Unfortunately the characters do not give the same set of taxa. In this case it is bet-
ter to choose the most conspicuous character, probably ‘gnathopod 2 coxa breadth’. 
So the second part of couplet 2 is labelled as couplet 5 which becomes.

5. Gnathopod 2 coxa short, broader than long ............................................... 6
– Gnathopod 2 coxa at least as long as broad ................................................ 7

• Th ere are 9 choices to separate the remaining taxa. By comparing the whole animal 
illustrations (using the blue information button) the best choices might be ‘gnatho-
pod 2 coxa anteroventral corner’ and ‘pereopod 5 to 7 basis expanded’ (Figs 72–74).

6. Gnathopod 2 coxa anteroventrally acute. Pereopods 5 to 7 basis weakly 
expanded ..................................................................Leucothoella gracilis

– Gnathopod 2 coxa anteroventrally rounded. Pereopods 5 to 7 basis ex-
panded .......................................................................Leucothoe neptuna

• Now go back to couplet 5 by clicking on ‘gnathopod 2 coxa’ in the ‘Used characters’ 
box and select the second choice ‘at least as long as broad’ (Fig. 75). Th e remain-
ing two taxa will separate on fi ve choices. In this case there are two conspicuous 

Figure 79. Character 20 is dependent on character 18. After selecting the character state ‘produced’ in 
character 18, the character state dialog box appears for a selection of a character state of character 20.
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characters that could be used to separate these taxa: the robustness of antenna 2 
(Figs 76, 77) and the shape of the anteroventral corner of coxa 1 (Figs 78, 79). Th e 
latter shows how Intkey displays a controlling character (18) which logically needs 
to be answered before its dependent character (20). 

7. Antenna 2 slender. Gnathopod 1 coxa anteroventral corner produced and 
narrowly rounded .................................................... Leucothoe boolpooli

– Antenna 2 robust. Gnathopod 1 coxa anteroventral corner produced and 
truncated......................................................................... Leucothoe tarte

• Th e fi rst half of the key is now complete. Th e developer must now go back to cou-
plet one and start construction of the second part in exactly the same way. Th is can 
be done by restarting the interrogation using the arrow button on the Best Character 
menu bar, then selecting: ‘gnathopod 1 dactylus vestigial’ and beginning at couplet 8.

Discussion

DELTA has the potential to revolutionize taxonomy. In individual databases, insti-
tutional databases and global databases the knowledge of plant and animal system-
atics can be stored, maintained as long-term databases and transferred to users of 
taxonomy (e.g. ecologists). Better than printed media, which are already out of date 
when they reach the scientifi c community, DELTA databases allow the addition of 
new taxa over the time and allow the continuous growth of knowledge over genera-
tions of scientists. Also illustrations and multimedia data, such as sound fi les can be 
included in the database.

DELTA is an extremely powerful though very complicated piece of software. Th is 
is partly due to its developmental history, which dates back into the dark ages of card 
decks and mainframe computers. Although editing of the main data is now handled 
via a modern interface (the DELTA Editor), processing of the data (i.e. output) is still 
handled by the original programs (now modifi ed to run in Windows), which may be 
run from within the DELTA Editor. Th is make the processing of the data rather cum-
bersome, particularly as some kinds of error are only detected at the ‘processing’ stage.

DELTA is also complicated due to the complexity of the DELTA format itself (see 
Dallwitz and Paine 1993) and the diversity of output functions. More than 80 com-
mands can be controlled by the user in a “command line” style. Th is has to be done 
without the help of menus. It is very fl exible, but diffi  cult to memorize.

In a future version, perhaps some of these problems will be overcome by introduc-
ing a menu driven interface for the output functions. Th ere are discussions for a future 
upgrade of DELTA in connection with the project Atlas of Living Australia. In the 
meantime we tried to facilitate the access to DELTA by introducing a new sample da-
tabase “Deltablank.dlt”. In this we only included the essential Action sets. Additionally 
we commented all commands in the Action sets of this database.
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Two of us (J.L. and T.M) were teaching DELTA workshops for systematists, each 
more than a week long, all over the world in order to promote the idea of DELTA. 
Th is was very successful, however, over time many of the participants forgot the details, 
when not using DELTA continuously.

So the idea came up to write this introduction for the beginner and as a refresher 
course for the advanced user.

Th e great thing about DELTA is its multi-functionality. It can be used as a database 
for information retrieval and as a basis for generating printed publications, keys and 
matrices for phylogenetic studies. DELTA develops its full potential by the possibility 
to publish contents, such as interactive identifi cation fi les (Intkey), over the internet. 
One very successful example is crustacea.net (http://www.crustacea.net).

Th ese Intkey fi les can be published also on CDs as valuable additions for printed 
media (examples are Beetle Larvae of the World (Lawrence et al. 1993); Th e Fami-
lies of Flowering Plants (Watson and Dallwitz 1993); Census of Antarctic Marine 
Life (De Broyer et al., 2007); Amphipoda of the Great Barrier Reef (Eds Lowry & 
Myers, 2009).
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Appendix

Th e following two instructions (Scanning, Format conventions) have been written by 
Roger Springthorpe (Australian Museum, Sydney).

1) Scanning black and white images using Adobe Photoshop

Th ese instructions are for Adobe Photoshop 5.0 and HP Scanjet 6200C scanner for 
Windows NT.

Turn on scanner, then computer. (If computer is on and scanner is off , shut down 
computer, switch off  power, switch on scanner, then computer. Scanner won’t work 
unless this sequence is followed).

Select Settings, Control Panel, Display, Settings and check that Colour Palette 
is set to 65536 colours, Font size: Small fonts and Desktop Area: 1024x768 pixels.

Start up Adobe Photoshop.

Scansning an image

Images need to be A4 size. A clean photocopy is adequate but scanning of originals is best.
Place image on scanner, face down.
From pull down menu, choose File, Import, select TWAIN_32. (Th is activates 

the scanning software).
Th e HP Precision Scan Pro window appears and a preliminary scan is carried out. 

Next set up scanning criteria: select Output Type, Greyscale, OK. Th en select Tools, 
Output Resolution set to 300dpi and click on x to close. Th en select Scan from main 
menu then Save Settings and type in a name (eg “DELTA”) for these settings then 
OK. Th is saves the settings for subsequent use. Choose Scan, select Load settings. 

http://delta-intkey.com/www/delta-ed.htm
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Select “DELTA” from pull down menu, select Load. A cross appears in the viewing 
window. Click and drag to outline the area to be scanned.

Choose Scan, Place Image.
Image appears in Photoshop as “Untitled-1” @ xx%.
Load Settings must be used for each scan or else the default settings will be used.

Saving fi les. From pull down menu choose File, Save as, select Folder for the fi le to be 
saved in, insert unique <fi lename>.PSD. Select OK.

Th e image can now be manipulated in Adobe Photoshop as a *.PSD fi le.
For Subsequent saves use File, Save.
To incorporate fi les in the DELTA program *.GIF fi les are required.
After the image has been manipulated (see following paragraphs) save the *.PSD 

fi le but do not close it. From pull down menu choose Image, Mode, select Indexed 
colour. A dialogue box appears: “Flatten Layers?” - select OK.

From pull down menu choose File, Save as, select folder (preferably diff erent from 
the *.PSD fi les) and save as *.GIF. Th en close *.PSD fi le without saving. Th is will 
preserve the psd fi le and layers etc for future editing if required. GIF fi les cannot be 
manipulated like PSD fi les so if changes need to be made use the original PSD fi le and 
then make a new GIF fi le.

Manipulating an image

Creating a new fi le. Select File, New. Enter new fi le name and pixel dimensions, 
then OK.

Th is creates a new blank Photoshop image into which the required parts are copied 
and pasted from the original scans.

Tools. Th ese will be needed to manipulate the image
From pull down menu choose: Window and select Show Tools, Show Brushes, 

Show Layers, Show Options and Show Status Bar.

Image and canvas size. Th e image can be reduced in size to fi t on the screen. It is 
desirable to retain the original scanned image as it may be required for other purposes 
later. Once an image is reduced it can be enlarged but the quality suff ers. Start from 
large and work down.

Canvas size can be enlarged or reduced without aff ecting the image.
To change image size select Image, Image size. Th e Image Size dialogue box ap-

pears. Select Constrain proportions, type in the pixel dimensions for height or width 
- the other dimension is automatically entered. Select OK. It should be noted that 
image scaling may adversely aff ect the image quality. Th e best results are obtained if 
integer increments are used e.g. 25%, 50% etc rather than 33% or 29% etc.
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To change canvas size select Image, Canvas Size. Th e Canvas Size dialogue box 
appears, enter both width and height dimensions required, select OK. If the canvas size 
is being reduced a prompt will appear select Proceed. If the image is chopped off  use 
the undo tool and repeat the process.

Alternatively, the Crop tool lets you crop an image by dragging over the area you 
want to keep.

Magnifi cation. Th e scanned image is usually too large to fi t on the screen at 100%.
% image size is shown on the status bar at bottom left corner of the screen and 

may be changed by selecting this box and entering a suitable value. Alternatively, from 
the Tool bar select Zoom Tool and then select the image to increase the magnifi cation 
in set increments.

Adjust levels. Use this to make gradual adjustments to the brightness, contrast, and 
midtones in an image. Most of the grey in a background can be whitened and/or the 
image darkened using the levels adjustment.

From pull down menu choose: Image, Adjust, Levels. Th e Levels window ap-
pears. Adjust input levels. Th is requires some experimentation to get a satisfactory 
image. Try something like 45 - 1.00 - 240. When fi nished select OK. Alternatively, 
select the Auto Levels option - it’s quicker but you have less control over the output.

Layers. If a scanned page consists of multiple parts and needs to be recomposed ie 
parts repositioned or removed etc, it is necessary to copy and paste each part onto its 
own layer. Text also requires a separate layer or layers. It is necessary to have the Show 
layers dialogue box visible to work with layers and the required layer must be high-
lighted in this dialogue box.

From the pull down menu choose Layer, New, Layer. Th e New Layer dialogue 
box appears, enter a name for the layer. Th is is useful to identify a particular layer to 
manipulate if there are multiple layers.

To copy and paste part of an image onto a new layer select Lasso Tool from the 
tool bar. Outline the required part of the image. In Layers dialogue box, select re-
quired layer. From pull down menu choose Edit, Copy. In Layers dialogue box choose 
the new layer. From pull down menu choose Edit, Paste. Image is now on a new layer.

When copying from one fi le into another the new layer is automatically created. 
Double click on the layer in the Layers dialogue box and type in a name for the layer.

Move. To reposition a layer (or image) select the Move Tool from the tool bar and click 
and drag the image.

Transform. A layer (or image) can be rotated, scaled, fl ipped, skewed, or distorted.
Select the required layer in the Layers dialogue box.
Select Layer, Transform, then select option required.
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Alternatively select Layer, Free Transform. Th is allows any combination of these 
transformations in one operation.

Eraser. Use the eraser to clean up an image.
Select the required layer in the Layers dialogue box.
Select Eraser Tool from tool bar, select size of eraser from Show Brushes dialogue box.
To clear the background, choose background layer in Layers dialogue box, then 

double click the Eraser Tool in the tool bar and choose Erase layer from the Eraser 
Options dialogue box.

Text. Text is added to the image on a new layer. It can therefore be moved, trans-
formed, erased, etc using the various tools.

Select the Type Tool from the tool bar. Click on the image window and the Type 
Tool dialogue box appears. Select various options for font, size etc. Write text, click OK.

To add male/female symbols, change font to male and female symbols. Type f for 
female and m for male.
Arrows. Arrows can be inserted using the Line Tool.

Select Line Tool from tool bar. Select various options from Line Tool Options 
dialogue box eg arrow head shape, line thickness etc.

Undo.Th is option is very useful to undo the previous action. From the pull down 
menu select Edit, Undo.

2) Format conventions for illustrations

Text

Text is required for both taxon and character images and inserted either in Photoshop 
or in the DELTA Editor in the image dialog of the taxon editor and the character editor.

Taxon images are prepared in Photoshop and text is inserted at this stage.
Taxon names: top left or centre aligned. Font: Arial or Helvetica, regular (higher 

taxa names) or italics (species names), 14 pixels, anti-aliasing set to smooth.
Labels on taxon images: Font: Arial or Helvetica, regular, 12 pixels, anti-aliasing 

set to none.
Acknowledgement: Font: Arial or Helvetica, regular, 10 pixels, anti-aliasing set to none.
Page number (ie 1 of 2, 2 of 2 etc) inserted using Intimate, bottom right aligned.
Arrows for indicating blow-ups: weight 2 pxl, mode normal, opacity 100%; shape: 

width 400%, length 800%, concavity 20% (see fi g. 1)
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Arrows for indicating a part being labelled: weight 1 pxl, mode normal, opacity 
100%; shape: width 600%, length 1000%, concavity 20% (see fi g. 2).

Male, female symbols: regular, 18 pixels, anti-aliasing set to smooth.
Character images are prepared in Photoshop and text for character title and states 

is inserted using the DELTA Character editor.
1. Labels on character images: Font: Arial or Helvetica, regular, 12 pixels, anti-alias-

ing set to none.
2. Arrows for indicating blow-ups: weight 2 pxl, mode normal, opacity 100%; shape: 

width 400%, length 800%, concavity 20% (see fi g. 1).
3. Arrows for indicating a part being labelled: weight 1 pxl, mode normal, opacity 

100%; shape: width 600%, length 1000%, concavity 20%.
4. Male, female symbols: regular, 18 pixels, anti-aliasing set to smooth.

Figure 80. Example for character images.




