























DELTA for Beginners: An introduction into the taxonomy software package DELTA 59

Figure 59. Differences between taxa button.

=1 ~ 0 #4| [Remaining Taxa (17 6 #

1. assimilis, Leucothoe

namixis

Paraleucothoe

[

0K Cancel Deselect All List

Figure 60. Use a subset of the taxa button.

Remaining Taxa [17] el QI .l %I
«|| I1. assimilis, Leucothoe (Find kext in taxan names

| 2. bazimut, Anamixis

Y

Previous
Done |

Figure 61. Find text in taxon names button.
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Dichotomous keys

DELTA can produce keys as text outputs using the Confor directive file zokey (and
files under the Key tab). This facility can produce dichotomous keys to large numbers
of taxa and has some important advantages over traditional dichotomous key-making
using manual methods. These 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. The key program can also be set to use addi-
tional characters (confirmatory 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 affected by factors that can be set, both overall or for each
character. As the key generation occurs automatically when rokey is run, these settable
factors provide only an indirect way to influence 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 z0key and DEL-
TA will use these characters for the construction of the key earlier.

This 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. This 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.

The 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 identification steps.

Using Intkey to help build such a key allows the author complete control of its
construction. The 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 differences 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).

INTKEY : World Crustacea
) Window Help

Mew Data Set... - E
m%_‘ | =[] 3 ~] O #] Remaining Toxa (171 ﬂ‘ﬂgﬂ‘

Quit (Exdt)

\graphic areas 4| [1. assimilis, Leucothoe
20. gnathoped 1 coxa anteroventral comer [shape) 2. bazimut, Anamixis
33. epimeron 3 (shape of] posteroventral corner 3. boolpooli, Leucothoe
29. (pereopod 3 coxa) anteroventral corner 4. commensalis, Leucothoe
23. gnathoped 2 coxa (anteroventral comer] 5. ctenochasma, Leucothoe
28. percopod 3 coxa (shape - reorder) 6. diemenensis, Leucothoe
21. gnathopod 1 dactylus (size) 7. goowera, Leucothoe
26. gnathoped 2 propodus [crenulate palm) | [8. flindersi, Paraleucathoe
27. gnathoped 2 dactylus, inner margin 9. gracilis, Leucothoella
6. head lateral cephalic lobe [shape) 10. nedcampensis. Anamixis [male)
17. gnathopod 1 coxa [size) 11. neptunea, Leucothoe
11. mandibles and maxillae 12. ningaloe, Anamixis (male)
31. pereopod 4 coxa, posterior margin 13. novaehollandiae, Paraleucothoe
30. (pereopod 3 coxa) ventral margin 14. tangaroa, Anamixis
16. maxilliped ischial endite (lateral flange present or al || [15. tarte, Leucothoe =
< |5 |[16. yarrega, Anamixis [female] ~
Used Characters (0) [Eliminated Taxa (0)

Figure 62. Switching into Advanced mode.

File Queries Browsing Settings ReExecuke.,

oF #| TN

Best Characters [(‘Interru:uabating the dataj[
] I I

.10 39. Australian aeoaraphic areat

Figure 63. Interrogation mode.

| 1| - X

7
Best Characters (30) &:,‘ B .‘J ~| = g #3 Remaining Taxa (17) o|g!m
[1.10 39, Australian geographic areas | [1- assimilis, Leucothoe ~
1.66 20. gnathopod 1 coxa anteraventral corner [shape || (2. bazimut, Anamixis
1.35 33.epi 3 (shape of] p I corner 3. boolpooli, Leucothoe
1.17 29. [pereopod 3 coxa) anteroventral corner 4. commensalis, Leucothoe
1.14 23. gnathopod 2 coxa [anteroventral corner] 5. clenochasma, Leucothoe
1.09 28. pereopod 3 coxa [shape - reorder] 6. diemenensis. Leucothoe
1.00 21.gnathopod 1 dactylus [size] ~|7. goowera, Leucothoe
1.00 26. gnathopod 2 propodus [crenulate palm] 8. flindersi, Paraleucothoe

0.98 27. gnathopod 2 dactylus, innel
0.94 6. head lateral cephalic lobe [sEERGARIEIELIEIEI B3
0.94 17.gnathopod 1 coxa [size]
0.87 11.mandibles and maxillae 21. gnathopod 1 dactylus (size)
0.87 31. pereopod 4 coxa, posterior ) 5

0:63 30, [pereopod 3 coxa) ventral B ERPTETTIYY]
< D. vestigial b El

Used Characters [0)

(E3E3

[ Images ‘ Full Text ‘ Search  [|—

Cancel I ‘ Help ‘

. I______|

Figure 64. Character 21 is selected for the first step of identification.
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In the left hand column of the Best Characters box look for a Best score of around 1.
This 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 first dichotomy in your key is:

Gnathopod 1 dactylus well developed.........ccooveireiniiniininiiniicne 2
Gnathopod 1 dactylus vestigial ...........ccccoeviviiiiiiininiiiiiiece, 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:

Pereopod 4 with well developed posteroventral lobe.........ccovveeeruceeesc 3
Pereopod 4 without posteroventral lobe.........cccvueeerveisccenseiscccsc x 2 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-

INTKEY : World Crustacea

File Queries EBrowsing Settings ReExecute... Window Help

ol #| 7 - L4

Best Characters [20] ﬂ:)| | B

.‘! ~| = ‘g M Remaining Taxa (8] ﬁ|ﬂgﬂ

0.43 39, Australian geographicareas 1. assimilis, Leucothoe
1.55 33. epimeron 3 [shape steroventral corne 3. boolpooli, Leucothoe
1.41 28. pereopod 3 coxa [shape - reorder] 4. commensalis, Leucothoe
1.41 29. [pereopod 3 coxa) anteroventral corner 6. diemenensis, Leucothoe
1.30 30. [pereopod 3 coxa] ventral margin 7. goowera, Leucothoe
1.06 23. gnathopod 2 coxa [anteroventral corner] 9. gracilis, Leucothoella
1.00 31. pereopod 4 coxa, posterior margin 11. neptunea, Leucothoe

0.99 20. gnathopod 1 coxa anteroventral corner [shape 15. tarte, Leucothoe
0.82 16. maxilliped ischial endite [lateral flange presei
0.81 8. head cephalic keel [shape] H
0.81 26. gnathopod 2 propodus [crenulate palm) [%
0.63 22. gnathopod 2 coxa [breadth)

0.54 6. head lateral cephalic lobe [shape]

0.54 9. head rostrum [size] bl
3 | >
Used Characters [1] Eliminated Taxa [9]
21. gnathopod 1 dactylus [1] well developed (1] 2. bazimul, Anamixis

(1] 5. ctenochasma, Leucothoe

(1] 8. flindersi, Paraleucothoe

(1] 10. nedcampensis, Anamixis [male]
(1) 12. ningaloo, Anamixis [male]

(1] 13. hollandiae, Paral h

(1] 14. tangaroa, Anamixis
(1] 16. yarrega, Anamixis [female]
(1] 17. yarrega, Anamixis [male]

Figure 65. The first character separated the taxa into two groups of about equal size. For the Eliminated

Taxa the selected character state did not match.
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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 .........ccevvvrererernesnerness 4

NTK

#| = | x|
Best Characters [20] @‘ |.‘.Jgﬂﬂg §4| [Remaining Taxa (8) O\QQE

[0.43 33 Australian geagraphic areas ~ | 1. assimilis, Leucothoe
1.55 33. cpi 3 [shape of] post tral cormer boolpooli, Leucothoe
1.41 28. percopod 3 coxa [shape - reorder) commensalis, Leucothoe
1.41 29. [pereopod 3 coxa) anteroventral corner diemenensis, Leucothoe
130 30. [percopod 3 coxal ventral margin goowera, Leucothoe

1.06 23. gnathopod 2 coxa [anteroventral corner) gracilis, Leucothoella
1.00 31. pereopod 4 coxa, posterior margin 1. neptunea, Leucothoe
0.99 20. gnathopod 1 coxa anteroventral comer (shape | [15. tarte, Leucothoe

0.82 16. maxilliped ischial endite (lateral flange prese:

0,81 26. gnathopod 2 propodus (oren ik &
0.63 22. gnathopod 2 coxa [breadth) . .
0.54 6. head lateral cephalic lobe [sh| 31. pereopod 4 coxa, posterior margin
0.54 9. head rostrum [size]
< D
— D2, without pdssteraventral lobe

Uscd Characters (1)

ST Susal

[E1E3

21, gnathopod 1 dactylus (1) well deve| 0K ] Images | Full Text

Search

Cancel ‘ | Help ‘

INTKEY : World Crustacea

File Queriss Browsing Settings ReExecute... Window Help

| 2| | M

.‘gﬂﬂg #4| [Remaining Taxa (4) °|gﬂﬂl

Best Characters (14] @‘ B

.38 39. i ic areas 1. assimilis, Leucothoe
150733, epi 3 [shape of] p I corner 4. commensalis, Leucothoe
0.81 6. head lateral cephalic lobe [shape) 6. diemenensis, Leucothoe
0.61 8. head cephalic keel [shape) 7. goowera, Leucothoe

0.81 9. head rostrum fsize]

0.81 16. maxilliped ischial enditc (lateral flange present ¢
0.81 26. gnathopod 2 propodus [crenulate palm)

0.81 28. pereopod 3 coxa [shape - reorder]

0.81 29. [pereopod 3 coxa) anteroventral comer Iy
0.81 30. [pereopod 3 coxa) ventral margin

0.63 24. gnathopod 2 carpus [shape)

0.25 20. gnathopod 1 coxa anteroventral corner [shape]

=

0.25 22. gnathopod 2 coxa (breadth)
0.25 36. depth zone

< b
Used Characters (2] Eliminated Taxa (13)
[21. gnathopod 1 dactylus (1] well developed 1] 2. bazimut, Anamixis -

31. pereopod 4 coxa, posterior margin (1) with posterovent| [(1) 3. boolpooli, Leucothoe
1) 8. flindersi, Paraleucothoe

1) 9. gracilis, Leucothoella

1] 10. nedcampensis, Anamixis (malc)
1] 11. neptunca, Leucothoe

] 12. ningaloo, Anamixis (male)

1] 13. novachollandiac, Paralcucothoe
< I 3| |{1) 14. tangaroa, Anamixis <

Figure 67. Character 31 separated the 8 Remaining Taxa into halves by eliminating 4 taxa.
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 There 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 .“ .“ .“ «eee Leucothoe commensalis
- Gnathopod 2 carpus with large subapical tooth. Pereopod 3 coxa ventral
margin oblique and slightly concave.................... Leucothoe diemenensis

e Itis now necessary to go back to couplet 2 and pick up the four taxa with a ‘wel/ devel-
oped gnathopod 1 dactylus’ and “without a posteroventral lobe on the coxa of pereopod 4.

This can be done by clicking on the epimeron 3 character in the bottom left “used char-

INTKEY : World Crustacea [- [O]x]

Flle Queries Browsing Settings ReExecUte... Window Help

e | | X

Best Characters (14) .~ — [l ~| =[O #4|[Remaining Taxa (4) 0 9 o #
[0.38 39. Australian geographic arcas 1 assimilis, Leucothoe

150 33. epi 3 [shape of] post tral comer 4. commenssalis, Leucothoe

0.81 6. hcad latcral cephalic lobe [shapc) 6. dicmenensis, Leucothoc

0.81 8. head cephalic keel (shape) 7. goowera, Leucothoe

0.81 9. head rostrum [size]

0.81 16. maxilliped ischial endite [lateral flange present ¢

0.81 6. gnathopod 2 propodus [crenulate palm)

0.81 28. pereopod 3 coxa [shape - reorder]

0.81 29. (pereopod 3 coxa) anteroventral corner

0.81 30. (pereopod 3 coxa) ventral mar,

0.63 24. gnathoped 2 carpus [shape] [EEEASCICHIEEIES

0.25 20. gnathopod 1 coxa anteroventr

025 22, gnathopod 2 coxa [breat]

0.25 36. depth zone

< i
2. with large subapical tooth

PR CieEs (F) 3. with small subapical tooth

21. gnathopod 1 dactylus (1] well develg

31. pereopod 4 coxa, posterior margin [ _ Full Text

INTKEY : World Crustacea

File Queries Browsing Settings Refxecute.. Window Help

Best Characters (7] = = || I ~[ =[O #4] [Remaining Taxa 2 DEED
0.33 39. Australian geographic arcas . assimilis, Leucothoe
1.00 9. head rostrum [size) 6. diemenensis, Leucothoe

1.00 28. percopod 3 coxa [shape - reorder)

1.00 29. [percopod 3 coxa) anteroventral comer
1.00 30. [pereopod 3 coxa) ventral margin

1.00 33. epi 3 [shape of] post tral comer
0.25 22. gnathopod 2 coxa [breadth]

30. [pereopod 3 coxa) ventral margin

1. straight ~
. slightly convex

Used Characters (3] e il St =

21. gnathopod 1 dactylus (1) well devel oK Tanes Full Text scarch [
31 pereopod 4 coxa, pasterior margin (

24. gnathopod 2 carpus [2) with large st ¢ o) prm e

al " 5[ (@) 12. ningalo, Anamixis (malc] El

Figure 69. Using a fourth character.
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INTKEY : World Crus
o Quines Browsng Settings Refwecite... Window Help
O | | -

[pest Charocters 01 ] = [ [ W] @ ~|

= | (0] #4] Fremaining Taxa (1)

(6. diemenensis, Leucothoe

Identification complete.

Help

ed Characters [4)

1. gnathopod 1 dactylus [1] well developed
1. pereopod 4 coxa, posterior margin [1] with
4, gnathopod 2 carpus (2] with large subapical tooth
0. ventral margin (3) oblique and slightly concave

1] 1. assimilis, Leucothae -~
2] 4

2] 7. goowera, Leucothoe

3] 2. bazimut, Anamixis

3] 3. baolposli, Leucothoe
3] 0. flindersi, Paraleucothoe
3] 9. gracilis, Leucothoella
3] 10. nedcampensis, Anamixis [male]
3) 11. neptu e

Figure 70. The identification sequence for one part of the key is complete. Now we go back a few steps

to continue to work on the key.

Remaining Taxa (4]

39. Australian geographic areas 3. boolpuuli, Leucothoe
23. gnathopod 2 coxa (anteroventral comer) 9. gracilis, Leucuthuella

8. pereopod 3 coxa (shape - reorder) 1. neptunea. Leucothoe
15. tarte. Leucothoe

nathopod 1 coxa anteroventral comer [shape

. antenna 2 [slender/stout]
anathopod 1 coxa anteroventral comer [produ
nathopod 2 propodus [crenulate palm]
ereopod 3 coxa) anteroventral comer
ereopods 5 to 7 basis
pimeron 3 (shape of) posteroventral corner
axilliped Ischial endite (lateral flange prese:

3

ed Characiers (2)

|21 gnathopod 1 dactyius (1) well developed 1) 1. assimills, Leucolhoe -
31. pereapad 4 caxa, posterior margin (2) without posterov| [(1] 4. commensalis, Leucothoe

gf bazimut, Anamixis

10. nedcampensis, Anamixis (male]
12. ningaloo, Anamixis [male]

File Queries Browsing Settings ReFxecute... ‘Window Help

o #| = I

Best Characters [15) =) = Nm ~= 0 4 Remaining Taxa [4)

0.44 39. Australian geographic areas | 3. boolpooli, Leucothoe
1.50 23. gnathopod 2 coxa [anteroventral corner) 9. gracilis, Leucothoella
1.50 28. pereopod 3 coxa [shape - reorder) 11]neptunea, Leucothoe

1.10 20. gnathopod 1 coxa anteroventral corner (shape 15.tarte, Leucothoe
1.00 22. gnathopod 2 coxa [breadth]

1.00 30. [pereopod 3 coxa) veniral margin
0.81 8. head cephalic keel [shape)
0.81 10. antenna 2 [slenderistout)
0.81 18. gnathopod 1 coxa anterovgid e 05t Ch RL eIt
0.81 26. gnathopod 2 propodus (cref
D81 29-Iporoopnd 3 coxel anerod 25, gnathopo 2 coxa breadin] |
A e el 22. gnathopod 2 coxa [breadih]

0.81 33. epimeron 3 (shape of] post
0.63 16. maxilliped ischial endite [I
< m

1. short, broader than long a8
2. atleast as long as broad |

Used Characters [2]

21. gnathopod 1 dactylus (1) well de:
31. pereopod 4 coxa, posterior marg

.
. ningaloo, Anamixis [male]

Figure 72. Character 22 has a Best index of 1.0 which is ideal for identification.
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lis, Leucothaeila
plunca, Leucathor

o
opod

55, Bnethanad  praposn foromote ey

28. pereopod 3 cax [shope - reorder

28 pereapod 3 cacn) anteroveniral cormer

30 fpcreopad 3 ) venral margin

3t pemposes 7

16. Mlb!d IIHIM !lldht [
19, gnathopod 1 coxa anterove:

Figure 73. Clicking on the /mages button during the selection of character states will show the illustra-

tions for all character states.

. gracilis, Leueothoella
keel (shape] 1. neptunea, Leucothos

gnathopod 1 coxa anteraventral comer [produces
onskepod 2 coxa fanicroventrel comery b

. guathopod 2 propodus
. pereopod 3 cuxa ||mpe re-mi=|1
. [pereopod 3 coxa) anteroventral comer
. [pereopod 3 coxa) ventral margin
32. pereopods 5 ta 7 basis
3. epimeron 3 [llnpe of] posteraventral co
gnathopod 1 coxa enmovedh sl wd comer ltnnel
[
19, gnathupod 1 wwxa nnlnmmm comer [shape]

Select state or states

expanded
. weakly expanded 4 / 4
FlTea | Search | o i \LW“«/"? rs < Pﬂ__?\
4\%\ Cancel ?‘\ ‘8
_‘ P
P

A =

[T-expanded]

Figure 74. Clicking on the /mages button during the selection of character states will show the illustra-
tions for all character states.

ueries Browsing Settings  ReExecute... Window Help

EaE | | L4

Best Characters (15) =] = | ha| Bl ~|=| ) #4|Remaining Taxa (1) Q‘M

0.44 39. Australian geographic areas ~| [3- boolpooli, Leucothoe
1.50 23. gnathopod 2 coxa [anteroventral corner] 9. gracilis, Leucothoella
1.50 28. pereopod 3 coxa [shape - reorder) 11. neptunea, Leucothoe

1.10 20. gnathopod 1 coxa anteroventral corner (shape 15. tarte, Leucothoe
1.00 22. gnathopod 2 coxa [breadth)

1.00 30. [percopod 3 coxa ventral margin
0.81 8. head cephalic keel [shape]

0.81 10. antenna 2 [slenderfstout]

0.81 18. gnathopod 1 coxa anterove:

0.81 26. gnathopod 2 propodus [cren

0.81 29. [pereopod 3 coxa) anterove

0.81 32. pereopods 5 to 7 basis o7
0.81 33. epimeron 3 [shape of] poste

0.83 16. maxilliped ischial endite [laf

. gnathopod 2 coxa [breadth]

< T 1. short. broader than lon &
= ong as broad |
Used Characters (2]
21. gnathopod 1 dactylus (1) well dew e Images Full Text Search B
31. pereopod 4 coxa, posterior margin

Cancel Notes Help
e ) - < 4

Figure 75. Selecting character states.
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39 Auatralian geographic areas
0 (nlenim!m-
za nathopod 1 coxa anteroventral comer (shape]
23. gnathopod 2 coxa [anteroventral comer]
28. pereapod 3 coxa [shape - rearder)
30. (pereopod 3 coxa) ventral margin

Used Characters (3)

| anathopod 1 dactylus [1] well developed
1. pereopod 4 eoxa, pasterior margin [2] witho
gnathopod 2 coxa (2) atleast as long as by

. boolpooli, Leucothoe

5. ta

rie, Leucothoe

Fle Queries Browsing Settings ReExecut

o #( T e

Window Help

[Bost Characters 1 =] = || W] @) ~

Identification complete.

Help

[x
Remaining Taxd (1)

3. boolpooli, Leucothoe

Used Characters (4)

Eliminated Taxa (16]

21. gnathopod 1 dactylus (1) well developed
31. percopod 4 coxa, posterior margin [2) without posterov)
22. gnathopod 2 coxa [2) at least as long as broad

10. antenna 2 (1) slender

B

il If ]

1
1
1
1
1
1
2]
2]
2]

1. assimilis, Leucothoe
4. commensalis, Leucothoe
5. ctenochasma, Leucothoe
9. gracilis, Leucothoella
11. neptunea, Leucothoe
15. tarte, Leucothoe

2. bazimut, Anamixis

6. diemenensis, Leucothoe
7. goowera, Leucothoe

INTKEY :

Fle Queries Browsing Settings Rexecute...

02| 7| Tl

World Crustacea

Window  Help

Best Characters (6] =) = nm ~| = 0 Iy
025 39. Australian geographic areas

1.00 10. antenna 2 [slenderfstout)

1.00 20. gnathopod 1 coxa anteroventral comer [shape]
1.00 23. gnathopod 2 coxa (anteroventral comer)

.00 28. pereopod 3 coxa [shape - reorder]

.00 30. (pereopod 3 coxal ventral margin

Remaining Taxa (2]

state or states

18. 1 coxa

3. boolpooli, Leucothoe
15. tarte, Leucothoe

or not]

1. produccd
2. not produced

Uscd Characters (3)

21 gnathopod 1 dactylus (1) well develd
31. percopod 4 coxa, posterior margin [
22. gnathopod 2 coxa (2) at least as lon,

Figure 78. Character 20 is connected to character 18. Clicking on character 20 will open character 18 first.
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Ebd | | x|
Best Characters (6] [f,‘ J.l.‘! ~[= QJ #3 [Remaining Taxa (2) ﬁ‘ﬂgﬂ
[0.25 39. Australian geographic areas a 3. boolpooli, Leucothoe

1.00 10. antenna 2 (slender/stout] 15. tarte, Leucothoe
1.00 20. gnathopod 1 coxa anteroventral corner [shape]
1.00 23. gnathopod 2 coxa [anteroventral comer]

1.00 28. pereopod 3 coxa [shape - reorder)

1.00 30. [pereopod 3 coxa) ventral margin
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LI1. truncated
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Cancel ‘ | | | Help
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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.

acter” box. Then 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. Then 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).

*  There 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..........ccoccociiiiiiiniiinnn 6
- Gnathopod 2 coxa at least as long as broad

e There 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.......ceneneirininennennennnsnnsnnessessessensnssensen Lentcothoella gracilis
- Gnathopod 2 coxa anteroventrally rounded. Pereopods 5 to 7 basis ex-
panded......iininiineininsinnicninenncnsiniesnensenseeseneenees Leucothoe neptuna

*  Now go back to couplet 5 by clicking on ‘gnathopod 2 coxa’ in the ‘Used characters
box and select the second choice ‘ar least as long as broad (Fig. 75). The remain-
ing two taxa will separate on five choices. In this case there are two conspicuous
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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). The
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 .......coeevuiiinsinnnininsnnnncniineinnennene Leucothoe boolpooli
- Antenna 2 robust. Gnathopod 1 coxa anteroventral corner produced and
rUNCALEduucuinneneneneeeisnentenenensessessessesssnssnssessessesnesnes Leucothoe tarte

*  'The first half of the key is now complete. The developer must now go back to cou-
plet one and start construction of the second part in exactly the same way. This 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 scientific 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 files can be
included in the database.

DELTA is an extremely powerful though very complicated piece of software. This
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 modified to run in Windows), which may be
run from within the DELTA Editor. This 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. This has to be done
without the help of menus. It is very flexible, but difficult 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. There 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.
This 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.

The 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 identification files (Intkey), over the internet.
One very successful example is crustacea.net (http://www.crustacea.net).

These Intkey files can be published also on CDs as valuable additions for printed
media (examples are Beetle Larvae of the World (Lawrence et al. 1993); The 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

The following two instructions (Scanning, Format conventions) have been written by

Roger Springthorpe (Australian Museum, Sydney).

1) Scanning black and white images using Adobe Photoshop

These 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. (This activates
the scanning software).

The HP Precision Scan Pro window appears and a preliminary scan is carried out.
Next set up scanning criteria: select Output Type, Greyscale, OK. Then select Tools,
Output Resolution set to 300dpi and click on x to close. Then select Scan from main
menu then Save Settings and type in a name (eg “DELTA”) for these settings then
OK. This saves the settings for subsequent use. Choose Scan, select Load settings.
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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 files. From pull down menu choose File, Save as, select Folder for the file to be
saved in, insert unique <filename>.PSD. Select OK.

The image can now be manipulated in Adobe Photoshop as a *.PSD file.

For Subsequent saves use File, Save.

To incorporate files in the DELTA program *.GIF files are required.

After the image has been manipulated (see following paragraphs) save the *.PSD
file but do not close it. From pull down menu choose Image, Mode, sclect Indexed
colour. A dialogue box appears: “Flatten Layers?” - select OK.

From pull down menu choose File, Save as, select folder (preferably different from
the *.PSD files) and save as *.GIE Then close *.PSD file without saving. This will
preserve the psd file and layers etc for future editing if required. GIF files cannot be
manipulated like PSD files so if changes need to be made use the original PSD file and
then make a new GIF file.

Manipulating an image

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

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

Tools. These 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. The image can be reduced in size to fit 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 suffers. Start from
large and work down.

Canvas size can be enlarged or reduced without affecting the image.

To change image size select Image, Image size. The 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 affect the image quality. The 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. The 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.

Magnification. The scanned image is usually too large to fit 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 magnification
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. The Levels window ap-
pears. Adjust input levels. This requires some experimentation to get a satisfactory
image. Try something like 45 - 1.00 - 240. When finished select OK. Alternatively,
select the Auto Levels option - it’s quicker but you have less control over the output.

Layers. 1f 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. The New Layer dialogue
box appears, enter a name for the layer. This 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 file 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, flipped, 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. This 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. This 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 fig. 1)
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Higher taxa/Species names

Arrowes for labels

Fig. 2

Aok novle dgem ent

Figure 80. Example for character images.

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





