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MORPHOMATICA — Programme Description

Wolfgang Brauneis', Walter Neubauer®, Anika Stracke®

! Pfeifergasse 9, A-5020 Salzburg (E-Mail: wolfgang.brauneis@e-mundo.at).
2 Unterfeldstrale 13/10, A-5101 Bergheim (E-Mail: mathstud@gmx.at).
3 Heinrichstrasse 55, A-8010 Graz (E-Mail: anika_boriss@yahoo.com).

The programme MORPHOMATICA was initially designed and implemented by one of us
(W. B.), with the mathematical framework provided by Prof. Linhart (Department of
Mathematics, University of Salzburg). The functionality was strongly dependent of the
requirements and suggestions of two other colleagues, Dr. Dan L. Danielopol and Dr. Angel
Baltanas (UAM, Madrid) always with the biological requirements and the desired output in
mind.

MORPHOMATICA, version 1.5, written by W. B. and version 1.6, expanded by W. N., uses
the B-splines agorithm adapted to ostracod outlines by Johann Linhart. The mathematical
background of the B-splines for an approximate description of ostracod outlines is presented
in Bayer et al. (2002), Baltanas et al. (2003) and Neubauer (2007).

The program is a software application running under Microsoft Windows 98, NT 4.0,
2000, XP, which enables the user to apply the above described method to digitised ostracod
outlines. The design of the program is based on experiences made during a bachelor project at
the University of Salzburg (Bayer et a., 2002). The software package with the same name (cf.
Linhart et al. 2006) is available at http://palstrat.uni-graz.at.

Working with MORPHOMATICA

The following topics will be introduced:
- Create anew MORPHOMATICA document
- Insert a specimen from afile and how to work with it
- Cadculate the approximation for the outline of a specimen
- Combine several specimen to a cluster, calculate the cluster mean and corresponding
delta vectors
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- Export specimen and cluster data for import into other applications
- Print specimen outlines and computationa data

- Save a MORPHOMATICA document

The User Interface of MORPHOMATICA

The user interface consists of a main application window, which is partitioned into two
adjoining areas, and several dialog objects, which are displayed when additional input is
required or parameters are to be manipulated. In the left part of the main window, the file
names of the imported ostracod outlines and the associated approximations and clusters are
displayed in the style of a directory tree. In this tree view, the user can select the file he

intends to work on.

“% Unbenannt - Morphomatica 1.6 - |E| 1'
File Specimen Cluster Yiew 7
DEHE & 7]
- Specimen
-3 Cluster
% Open an existing Morphomatica document with the menu item "File - Open™.
% You can insert specimens via the menu item "Specimen - Insert".
% To display the outline of a specimen select it in the left tree view.
Ready Coordinates l_ UM l_ v

The contents of the right part of the window depend on the selected entry in the tree view.
If an imported ostracod outline in the specimen directory of the tree view is selected, the right
pane - the specimen view - displaysits outline and if an approximation was calculated for the

specimen, the according B-spline is drawn.
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= Candoninae-Exercise 2.mmd - Morphomatica ] 5

File Specimen Cluster Wiew 7
DS HE S 2

=B Specimen

[B candida 10 I4m-F-vgq.TPS
B candida 2 SM3m-f-vg. TPS
- candida 3 SM3m-f-vg. TPS
B candida 4 SM&m-F-vg. TPS
-1 neglectaS GF2Zm-m-va. TPS

- candida 10 I4m-f-vg. TPS -0
“ [ protzi 3 ZWEm-m-vg, TPS - 1

Murmber of lterations: 60 J—
Mean Error; 0.322 (0.03%:) dorsalf 0.410 (0.04%) ventral 100 microns
Maximurm Error: 3.852 {0.40%) dorsal/ 2.668 (0.28%:) ventral

Ready 215, -133 | MM [ g

If aternatively an entry in the cluster directory of the tree view is selected, then the
approximations of all specimens contained in the cluster, the associated delta vectors, and the
optional mean specimen outline are displayed in the cluster view in the right pane.

“# Candoninae-Exercise Z.mmd - Morphomatica - | O 5[
File Specimen Cluster Wiew 7
D=l & ?)
EB Specimen
- candida 10 I4m-f-vq.TPS
-[B candida 2 SM&m-F-vg. TPS
-[B candida 3 SM&m-F-va. TPS
-3 candida 4 SMam-f-va, TPS ;
- neglectas GFzm-m-vg.TPS 1
-, protai 3 Zwsm-m-vg. TP
Clusker o b2
[EiRcandida 10 T4m-F-ve 1
[} protzi 3 ZwEm-m-vg. TRS - 1 n [o7]
- candida 2 SM3m-F-vg. TPS - 2 1 W
7 g
E ﬁ 2
] 0 | 7 #
Marmalised (Area)
DeltaVecScale: 1.00
Mumber of lterations: 60
Ready Coordinates l_ LM l_ A
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Create a new MORPHOMATICA document

A new document is created every time MORPHOMATICA is executed. This means, that the
document does not contain any specimen or corresponding approximation, and that all
program parameters are initialised with certain predefined reasonable values. Alternatively,
the user can create a new document with the menu item File - New at any time. If there is
already an existing document being worked with, the user will be asked if he intends to save
it. Without saving the contents of the previous document are discarded.

After the creation of a new document, the main program window |ooks as following:

‘% Unbenannt - Morphomatica 1.6 (=]

File Specimen Cluster Yiew #
DSsHE & 2]

- Specimen
-3 Cluster

% Open an existing Morphomatica document with the menu item "File - Open™.
% You can insert specimens via the menu item "Specimen - Insert".

% To display the outline of a specimen select it in the left tree view.

Ready Coordinates | MOM [ ¢

As mentioned before, no specimens are contained in a new document. Now, you have to

import specimens from an appropriate file format into the document.

Working with a specimen

Insert a specimen into the document

To insert one or more specimens from a file into the document, use the menu item
Specimen - Insert. MORPHOMATICA supports the file formats
- *.tps, afileformat used by DigiTPS.
- *.msd, files created with the program Morphosys - in case that the file extension is
different at your system, enter the appropriate extension in the “Filename” field.
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In the next step, an open dialog will be displayed in which you select the file(s) with the
ostracod(s) you intend to import. The open dialog alows you to select one ore more files at

the same time:

2]

Suchen in: Ia Testdaten [V j &= =k EO-

candtesti1 30722). TPS Grosil{0S4RY)2
; Grosil{LYOSs)2
Grosil{LYOSE)E
Grosil{LyY0STIZ
Olt1daci 150722
CltBaraz({16072

[ |
Diateiname: I”Grosﬂ[DSSF\V]21D?22.TF‘S”"CandiindanHED? Offren I

Diateitup: IAH Specimen Files [*.tps; msd] j &bbrechen |
A

After confirming the dialog with “open”, the specimens contained in the selected files are
inserted into the document. Those specimens will be added to the specimen directory in the
tree view with their related file names. If more than one specimen is stored in the imported

file, the entries in the tree view are extended with an enumeration.

Display the outline of a specimen

To display the outline of an imported specimen you just have to select its name in the tree
view on the left. The currently selected specimen is marked in the tree view with a blue
background. The outline is displayed in the specimen view with additional information like

the corresponding scaling of the outline or the coordinate axes.

% Candoninae-Exercise 2.mmd - Morphomatica [~ =] 5]
File Specimen Cluster Wiew 7
D=EH| &S| 2]

[E1-ESr Specimen
NERCandida 10 I4m-F-vg. TPS

- candida 2 SM3m-f-vg. TPS
-[B candida 3 SM&m-F-vg. TPS
- candida 4 SMBm-F-va. TPS
‘B neglectas GFzm-m-vg.TPS
: - protzi 3 Zwam-m-vg.TPS
B Cluster

—_

100 micrans

Ready 8L 156 | MM | s
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Remark: If a scale is stored for a specimen in the imported file, the scale labelled “100
micro meters’ is shown, otherwise a scale labelled “100 pixel” is displayed.

Remark: Basicadly, a rotation and trandation is automatically applied to every imported
specimen such that the centroid of the specimen is located in the origin of the coordinate

system and that the main axes of inertia are parallel to the coordinate axes.

Display fileinformation for imported specimen

The file properties of a specimen can be shown with the menu entry Specimen -
Properties and are located within the first property page File (see below, left).

The path of the file where the specimen was imported from is displayed at the top of the
didog, immediately followed by the file type. Additional information of the outline is

displayed aswell.
d =
File | Statistics I Graphics | Info I File: Statistice | Graphics I Infa I
—File of specimen r Tranzformation
Filename: ¥ Transform the cortour poirts
Filetyp: Thirplate Spline — Specimen
Area |529239 053
r— Cantur of specimen
— Centraid
Numbe of points: |35 Centroid Cocrd [X =0.000 ¥ = 0,000
Image fils Icandida10
— Main are:
Sraling factar ID.DD2B4 First main awes: I>< =1.001 ¥ = 0.000
Idertifier: I Second main axes: Ix —0.000 % =1.001
oK I Abbrechen Oberrebmen oK I Abbrechen Obernehmmen

Display statistical data for specimen

Mathematical parameters, which are calculated from the outline defined in the specimen
data file, are displayed within the property page Statistics (see above, right). As already
mentioned, an imported specimen is transformed to meet certain conditions. The
mathematical parameters for the transformation are listed below. If you do not want the
outline to be transformed you can deselect the check box at the top of the dialog. In that case,
the outline is displayed using the coordinates as defined in the datafile.
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Settingsfor the graphical representation

There are several options for the representation of the outline of a specimen. To set the

options for a specific specimen, select its name in the tree view and choose the menu item

Soecimen - Properties. After opening the property page called Graphics the following options

are shown:

Specimen

r— Graphic:

File IStat\stics Graphicsllnfo I

¥ Draw centroid ¥ Draw coordinate system
[~ Draw boundingbox

[ Draw main aves

 Colar

Contur: - Choose colar... |

 Contur

I~ Enumerate the points
Take gach n-th point only =] :ll

¥ Diraw line betwesn adiscent poirts

ok I Abbrechen | Ubemehmenl

It is possible to change the following options:

Draw centroid: If the check box is activated, the
centroid of the specimen is marked.

Draw bounding box: The bounding box
enclosing all points of the outline of the
specimen, as well as the coordinates of the corner
points of this rectangle are displayed.

Draw main axes. Selects, whether the main axes
of inertia are drawn or not. This option is useful

if the outline is not transformed to normal position.

- Draw coordinate system: Option to draw the axes of the coordinate system.

- Colour: To choose the colour for the specimen.

- Enumerate the points (of contour): If the option is activated, then the points of the

outline will be enumerated (only the number of each n-th point will be printed).

- Draw line between adjacent points: Given that the distance between the points of the

outline is to large to form a continuous outline, selecting this option will connect the

points with straight line segments.

Additional mor phological data

saved in a MORPHOMATICA document, it's also possible == | =

to specify additional morphological data.

Properties and in that dialog the page Info.

Not only the imported outline of a specimen can be see | =

For this, choose the menu item Specimen -

File IStatisticsIGraphics Infa |

—Histony

—Source

Lacality:

—User infa

Marme ar labek:

oK I Abbrechenl Ubemehmenl
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Remove a specimen from a MORPHOMATICA document

A specimen can be removed from the document at any time by selecting its name in the

tree view and selecting the menu item Specimen - Delete. Alternatively, pressing the ,Del* -
Key deletes the selected specimen.

Approximate a specimen

The outline of each specimen can be approximated with the B-spline method described in

the Mathematical background section. The calculated approximation is drawn together with
the outline in the specimen view.

Calculation of the approximation

To calculate the approximation from a selected specimen select the menu item Specimen -
Approximation - Calculate.

“% Unbenannt - Morphomatica 1.6

_iol x|
File | Specimen  Cluster Yisw 7

E Insert...
=] E

Delete

Properties...

ArcBips

Approximation
Delete

Expott ko Image File. ..
i o Propetties.. .

Export as TRS File ...

3 Cluster

[——1]

100 microns

Coordinates | WUM [ 2
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Parametersfor the approximation

Approximation ﬂ

In the up-coming dialog, several parameters for the

Pararns | Statisticsl Graphicsl Cantral pointsl

approximation can be varied. Bt
Mumber of contral points: IE _|::l

It is possible to specify the number of control points -Paans caresion

¥ &pply params corection

Number of iteration steps: IB _I;

to be calculated and the number of iterations for the

parameter correction to be applied.

Next, the approximating B-splines are drawn over

the outline of the specimen. Additionally, the control ok | Abbechen | Uboromer |

points of the upper and lower half of the B-splines are

displayed and enumerated, as well as the corresponding control polygon. The calculated
values for the approximation (such as the number of iterations, mean and maximum
approximation error of the upper and lower half) are shown in the lower left corner of the

specimen view.

‘=% Candoninae-Exercise 2.mmd - Morphomatica [~ ] 5
File Specimen Cluster Wiew 7
DS HE S 2
=B Specimen
S ER cnclida 10 T4m-f-vg, TPS:
B candida 2 SM3m-f-vg. TPS il
- candida 3 SM3m-f-vg. TPS =
B candida 4 SM&m-F-vg. TPS
BB neglectaS GFZm-m-vg. TPS
-[B protzi 3 2wem-m-va.TPS
=& Cluster

d4 a3

w2 Y5 wE

Mumber of lterations: & _
Mean Errar: 0,500 (0.05%) dorsal / 0.912 {0,00%) ventral 100 microns
Waxitnum Ertor: 4.240 (0.41%) dorsal § 6072 (0.49%) ventral

Ready 214,187 [ MM [ g

Remark: A specimen for which an approximation is fitted, is marked with ablue "A" next

toitsfile namein the tree view.
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Statistical data of the approximation

The calculated approximation values are listed in EEEREES [ =]
L Params Statistics | Graphics | Control points
the property page Statistics too. .
¥ Display mean an maxium eror
ey e . [ Mark maximum error
There it is also possible to select, whether the error
values are to be displayed in the specimen view or not. e
arimum error: |4.24D dorsal / B.072 ventral
Mean emar: ID.EDD dorsal / 0.912 ventral

ok I Abbrechen [berriehmen

Settingsfor the graphical representation of the B-splines

As with the representation of the outline of a =TS x|

Paramsl Statistics  Graphics | Control points

specimen, there are several options for the

—Splin
representation of the approximating B-splines, which ¥ Draw spie

Color: - Choose color... |

are accessible under the menu Specimen -

Approximation - Properties. After selecting this menu | Fereteebon

¥ Draw polygon

item the following options are display in the property

— Contral paint

page Graphics. It is possible to vary the following [ ek it

¥ Index the points

options:

I Display coordinate values

- Draw gpline: If this check box is

ok I Abbrechenl Ubemehmenl

activated, the control points are drawn

over the outline of the specimen. It is also possible to change the colour of the
B-spline there.

- Draw polygon: By selecting this entry, the control polygon is drawn.

- Mark points: The control points are marked with yellow-filled rectangles. If
the cursor is over any of those rectangles, the coordinates of the corresponding
control point are displayed.

- Index the points: Each control point is enumerated.

- Display coordinate values: The coordinates of each control point are written

next to it.
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Display the calculated control points coordinates

. Approximation ﬂ
The calculated control points can also be requested - : _
Params I Statistics I Graphics Control points |

via the menu item Specimen - ApProxXimation - courassof cortolpans
Numberl Contur | * Eoordl N Eoordl -

Calculate. 0 vertial 533 402588 01000000
1 wentral -BE2. 715637 -125.897392
2 wentral -425.812714 -271.462952
3 wentral -185.963806 -245. 742569
4 wentral 12.260260 -227. 685699
5 wentral 198.642319 -270.816071
E wentral 445134369 -274.088104
7 wentral B46.291382 125527328
8 wentral 495.385229 0000000
1] dorzal 495.385229 0000000
1 dorzal 470263306 88893707
2 dorzal 360, 366547 ZREETRIZI
3 dorzal 191.792374 348 468658
4 dorzal 1.245814 3m4.182220 —
5 dorzal -190.725204 J2R.287323
B dorsal -360.8513953 236.238266 -
7 Arrzal RO 1N992 Q2 QA1 7N
4| T »

oK I Abbrechen | Obernehmen |

Changing the approximation parameters

The parameters of an existing approximation can be changed with the menu item
Specimen - Approximation - Properties at any time. In the general case a parameter change

forces arecalculation of the approximation.

Delete the approximation of a specimen

An approximation of a specimen can be deleted with the menu item Specimen -

Approximation - Delete.

Change a control point interactively

The user can change the calculated control points interactively. To do this click on the
yellow rectangle representing the control point you want the coordinates to change. The fields
of the upcoming dialog are initialised with the actual position. You can now change the
position by entering the new coordinates directly or by pressing the up and down cursor

buttons next to the fields.
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=0l x|

“= Candoninae-Ex

File Specimen Cluster Wisw ¥

DSE & 2|
EB’ Specimen

[E candida 10 4m-F-vg.TPS d4 a3
--[3 candida 2 SMam-f-vg, TPS i} . _
--[3 candida 3 SMam-f-vg. TPS
-3 candida 4 SMm-f-va. TPS
-3 neqlectaS GF2m-m-va.TPS
[ pratai 3 2wsm-m-vg. TPS
= Cluster
--[3 candida 10 I4m-f-vg.TPS - 0
--[3 candida Z SMEm-f-vg.TPS - 1
--[3 candida 3 SMEm-f-va,TPS - 2

[ protzi 3 2W8m-m-va,TPS - 3 * - Coordinate:

- [@ <Mean Specimen > - 4
‘' - Coordinate: [236.238 _I;
’TI Abbrechen |

Control points

5 v
Mumber of lterations: & _
Mean Errar: 0,500 (0.05%) dorsal / 0.912 {0,00%) ventral 100 microns

Maxirum Errar: 4.240 (0.41%) dorsal f 5.072 (0.49%) ventral

Ready Coordinates | MUM [

After closing the dialog with Ok, the B-spline is recalculated and the new approximation

is drawn.

Remark: Place the mouse cursor over the yellow rectangle representing a control point if

you want to know its coordinate values.

“= Candoninae-Exercise Z.mmd - Morphomatica i 1ol =|

File Specimen Cluster Wiew 7

D d| & 7]
= Specimen
[EES - a 10 T S
--[F candida 2 SMm-f-va. TPS
[ candida 3 SM&m-F-va, TPS
--[B candida 4 SMam-f-vg. TPS
- [F neglectas GFzm-m-vg. TPS
¢ [ protzi 3 2wEm-m-va. TPS
=@ Cluster

[ candida 10 Mm-Fvg.TPS-0
-[3 candida 2 SMam-f-va.TPS - 1
-[3 candida 3 SMam-f-va.TPS - 2
- [ protzi 3 ZWEm-m-va. TPS - 3
[ <Mean Specimen - 4

o4 43

.6 (-360.852,236.238) dor

<l

] h y
w2 e VB
Mumber of lterations: B —
Mean Error; 0,500 (0.05%) dorsal/ 0812 (0.09%) ventral 100 microns

Maximum Error. 4.240 (0.41%) dorsal / 5.072 (0.49%) ventral

Ready 60, ZET | MM [ g
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Cluster view of specimens

In the cluster view the approximating B-splines of all specimens in the cluster are

simultaneously drawn over each other. This allows an easier comparison between severa

specimens in interest.

Add a specimen to the cluster

To insert a specimen from the specimen list into the
cluster, mark its name in specimen directory of the tree
view. Next insert the specimen with the menu item
Cluster - Insert.

The filename of the specimen is appended in the

cluster directory of the tree view.

Add Specimens to Cluster x|
candida 10 14mfvg. TPS Select All
candida 2 SM8m-+f+g. TPS
candida 3 SMOm-vg. TPS Seect o |
O candida 4 SM8mfva. TPS
O neglectad GF2m-m-vg TPS
protzi 3 2w Bm-m-vg. TPS

Alternatively, a specimen can be inserted to the cluster with a typical drag and drop

operation within the tree view from the specimen directory into the cluster directory. If more

specimens are to be inserted into the cluster, a convenient way is via the menu item Cluster -

Select.

At the same time you add a specimen to the cluster the corresponding cluster

approximation is calculated. Containing severa specimens, the cluster view looks like the

following:

“* Candoninae-Exercise 2.mmd - Morphomatica

File Specimen Cluster Yiew 7

~=lol =

DSHE (&S| 2|

=B Specimen
B candida 10 T4m-f-vg. TPS
[ candida 2 SMEm-f-vg. TPS
- candida 3 SMBm-F-vg. TPS
- candida 4 SMSm-f-vq.TPS
~[B neglectas GFZm-m-vg. TPS
. B protzi 3 2WBm-m-vg. TPS
BB Clusker

SMER - =rdida 10 I4m-f-vo, TPS - 0
[ candida 2 SMBm-F-vg.TPS - 1
[ candida 3 SMEm-fvg. TPS - 2
[ protzi 3 Zwam-m-va,TPS - 3

Ready

MNarmalised (Area)
DeltaVecScale: 1.00

Murmber of lterations: &

Coordinates | MM [ 2
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Calculation of the cluster mean

As soon as one or more specimens are added to the cluster, the mean specimen of these
can be calculated with the menu item Cluster - Calculate mean specimen. The outline of this
mean specimen is drawn in the cluster view too, using a different colour. An entry named
“<Mean Specimen>" is added in the cluster directory of the tree view representing this mean

specimen.

“ Candoninae-Exercise 2.mmd - Morphomatica [~ 1ol =|

File Specimen Cluster Wiew 7

D d| & 7]

= Specimen
¢ [ candida 10 Im-Fvg. TPS
! [ candida 2 SMam-f-vg. TPS
[ candida 3 SM&m-F-va. TPS
¢ [ candida 4 SMBm-f-vg. TPS
i B neqlectas GFzm-m-vg.TPS
. LB prota 3 2wam-mevg, TRS
- Cluster

[ candida 10 Mm-Fvg.TPS-0
-[3 candida 2 SMam-f-va.TPS - 1
-[3 candida 3 SMam-f-va.TPS - 2
- [B protzi 3 ZWEm-m-vg. TPS - 3

Marmalised (Area)
DeltaVecScale: 1.00

Mumber of lterations: &

Ready Coordinates l_ LM l_ A

Remark: The mean specimen is not recalculated if new specimens are added to the cluster
or specimens are removed from it. This behaviour is deliberate, such that multiple ways of
comparison with the mean specimen are possible.

Selecting a specimen asr eference

After two ore more specimens are present in the cluster, one of these can be defined as the
cluster reference. To define a specimen in the cluster as reference, select its name in the
cluster directory of the tree view and use the menu item Cluster - Mark as reference.

Automatically with the selection of a specimen as cluster reference, the delta vectors
between this cluster reference specimen and all other specimens in the cluster are calculated
and displayed. The name in the cluster directory of the reference specimen is further marked

with ablue“R” next to it, to identify it as reference.
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Remark: If the cluster reference specimen is changed, the delta vectors are automatically

recal culated and actualised in the cluster view.

“ Candoninae-Exercise Z.mmd - Morphomatica - | O 5[
File Specimen Cluster Wiew 7

D d| & 7]
=B Specimen
o[ candida 10 I4m-f-vg. TPS
[ candida  SMam-F-vg. TPS
[ candida 3 SM&m-F-va, TPS
-3 candida 4 SMam-f-va, TPS
-1 neglectas GFzm-m-vq.TPS
i o[ protzi 3 2wEm-m-vg . TPS
=@ Cluster

[ candida 10 Mm-Fvg.TPS-0
- [@ candida 2 SM3m-f-vg.TPS - 1
-3 candida 3 SM3m-f-vg,TPS - 2
v, TPS - 3
[ <Mean Specimen - 4

Marmalised (Area)
DeltaVecScale: 2.80

Mumber of lterations: &

Ready Coordinates l_ LM l_ A

Settingsfor the cluster approximation parameters

If you need to change the parameters of the cluster, select the menu item Cluster -
Properties. Y ou can set the parameters for the approximation (of all specimensin the cluster)
in the upcoming dialog (like before in the approximation for a single specimen).

Approximation x|

Params |Graphics| Plint\ngl

— Contral points:

Mumber of control paints: IE _I;'

—Params comection:

¥ Apply params corection
Number of iteration steps: IB 5‘

—Size Nomalizing:

" Don't nomalize
" Marmalize for outer contral points (m1-mz)
& Marmalize for area

" Centroid size

OK. I Abbrechen | Ubemeimen
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The options are as follows:

- Number of control points for upper and lower B-spline

- Number of steps in the parameter correction (the mathematical method used to
improve the calculation of the approximation)

- Apply various normalisation operations. This alows for a size independent
comparison of specimens.

o Normalize for outer control points: The specimen approximations (i.e. the two
B-splines) are transformed, such that the cluster points m1 on the left side and
m2 on the right side of all specimensfit together.

o Normalize for area: The specimen approximations are transformed, such that
al have equal area (1000).

o Normalize for centroid size: The specimen approximations are transformed,
such that all have equal values for the centroid size of the outlines (the square
root of the sum of squared Euclidean distances from each contour point to the

centroid divided by the number of contour points k).

Settingsfor the cluster representation

It is possible to change the graphical representation with the menu item Cluster -
Properties. The following options are shown in the property page Graphics of the property
shest.

Approximation ll

Params Graphics | Plint\ngl

— Reference Specimen

™ Draw reference anly

¥ Diraw mean cluster reference

— Delta vector
¥ Draw delta vectors

¥ Mumber vectors with specimen ID's

Scaling factor for delta vectors |1 _|::l

0K I Abbrechen Obermehmen
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The following options can be set:

Draw reference only: If this option is selected, only the reference specimen (but
together with all the delta vectors) is drawn.

Draw mean cluster reference: If the check box is activated, the mean specimen is
drawn.

Draw delta vectors: Whether the delta vectors should be displayed or not.

Number vectors with specimen Ids: The endings of the delta vectors can be marked
with the number of the specimen in the cluster view corresponding to the number in
the cluster directory of the tree view.

Scaling factor for delta vectors: Use this to scale the delta vectors appropriately. If
two specimens are hardly different, this option can be used for a better comparison.

Settingsfor the print parameters

It is possible to change the printing settings in the property page Printing from the menu

item Cluster - Properties.

Approximation ll

Params | Graphics Plint\ngl

— Pen'width:

Specimen: =
Delta Vectors: |1 _Ij

— Calor Optians:

— Information:

€ Black and white ¥ Print Specimen List

& Color

OK. I Abbrechen | Ubemetmen

The following settings can be applied:

Pen Width Specimen: Specifies the pen width for the specimen in the printout.
Pen Width Delta Vectors: Specifies the pen width for the delta vectorsin the printout.
Colour Options: Whether colour (e.g. for a overhead beamer presentation) or only
black/white (e.g. for a paper) should be used.
Print Specimen List: Should a separate list with the names of the specimens in the
cluster be printed?
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Listening the calculated cluster data

The calculated cluster data can be displayed with the menu item Cluster - Display
coordinates. This replaces the cluster view in the right pane of the main application window
with a spread sheet view, which lists all the relevant data of the cluster (such as the names of

specimens, all calculated control points and the delta vectors to the reference specimen).

‘% Unbenannt - Morphomatica 1.6 =] 5]
File Specimen Cluster ‘iew 7
DEHE[&] 7]
B~ Specimen 3 | Specimen | Area kokal | Area dorsal | Area venkral | Mean Delta-Squars | Mean C
-~ B OlbGrosiF(160722).TRS [0 ClbGrosi7i160722). TS 45,13 20.03 25.10 32.85 2t
[ CkiefMlumina(130722, 7P |1 C.kiefMlumina{130722.TPS 6,23 40,42 39,61 43.06 3
- candjinv130722,TPS 2 candjinvl 30722 TRS 0,92 0.45 0.47 0.29 r
B CandiMoshi1z0722)Tps |3 CandiMosb(130722).TRS 0.00 0.00 0.00 0.00 [
B c-r-F114Mata. tps 4 Ikocypris bradyi. TPS 80,79 50.41 30,37 66,69 5
B fipc FISARIZ | 5 Leucocythere mirabilis Ly m 1-F.tps 133,93 104,83 29,09 67,27 =
Ip-n- 0z.tps 6  Leucocythere mirahilis mean spedman m.tps 126,65 97.94 28.71 63.10 5
B Thyocypris bradyi, TPS
B Leucocythere mirabilis LY
@ Leucocythere mirabilis me
[ Limnocythere sanckipatric
- Clster
- [B OltGrosiF{160722).TPS -1
[ C.kiefMluminal130722, TP
CandiM H
B Iyacyp A 4
~[B Leucocythers mirabilis Ly
B Leucocythere mirabilis me
K I | KN S—| L]
- Ready Coordinates l_ UM l_ &

The meanings of the column headers are as follows:

- Nr: Number of specimen according to its number in tree view.

- Specimen: Shorted file name of the specimen (including its position inside the file if
necessary).

- Area total: Is the area deviation between the given specimen and the reference
specimen.

- Areadorsal: Areatotal applied to the dorsal region only.

- Areaventral: Areatotal applied to the ventral region only.

- Sum Delta: Is the sum of all Euclidian distances between control points for the given
specimen and those of the reference specimen.

- Mean Delta: Isthe sum of the deltalengths divided by the number of control points.

- Max Delta: Is the maximum value in the set of Euclidian distances (delta length)
between control points for the given specimen and those of the reference specimen.
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- Sum Dédta-Quad: Isthe sum of all squared Delta Lengths (i.e. the Euclidian distances

between the control points of a specimen and the corresponding homologous of the

reference outline).

- Mean Delta-Quad: Isthe square root of the Sum Delta-Quad divided by the number of

control points.

- Remaining columns. Coordinates of the calculated control

v..ventra).

The specimen selected in the tree view, is marked in the cluster data view with a grey

background.

The rows of the table can be sorted depending on the values in a column by clicking on

this column header.

It is possible to copy either the whole sheet of displayed data or selected columns. For this
action for instance select Cluster - Display coordinates, click on a column (Fig. below, see b),

press the right key-mouse, move arrow to Copy column (Fig. below, see ¢). Open in Excel a

new file and click Insert.

|

b

points (d...dorsal,

[= JibleaHotarele -Morphomatica 1.6 bety — J® [IE]]
File Specimen Cluster View 2
DEd & ?|
=& Specimen Nr| Specimen Area total | Ar== e T Aras uenieat T Maan Delta Square | Mean Delta | Max Delta | Sum Deka [ Sum DetaSquare [ m1 (coord) | d1 [coo
B J4458.1ps 0 J443f.tps 0.00 St lumn 0.00 0.00 0.00 000 0.00 696.29/0.00 | 65288/ 115.
[ 2FHotarele tps 3 J443fips 13.04 904 7.75 2028 12395 1306.85  £97.94 /0.00 | 657.62 /118
B 3FHotarele tps 2 Ja43f2ips 1427 1080 891 1931 14257 186538 | £97.13/0.00 | 648.45 /120
B 4FHotarele tps 1 Ja431B1ps 2886 = 1410 1210 26 18357 317968 69521 /0.00 | 659.15 /120
B SFHotarele tps 4 Ja43Mdlps 2907 : 1455 12.96 2202 20734 338602 | 70590 /000 | 668.23/123
B EFHotarele tos 12 BFHolaigletps  40.73 ol 2408 1888 6235 30207 9281.08  705.25/0.00 | 66569 /119,
P 13 FHolaeletps 41,32 i 21.44 17.36 5290 27777 735229 708.36/0.00 | 663.95/117,
B 7FHotarele.tps 6  J443/B.lps 4286 2513 17.73 204 18.40 3702 29434 666291  707.83/0.00 | 664.78 /124,
[ BFHotarele tps 14 BFHolweletps 46,65 3153 15.13 2731 2160 B6.07 34567 1193591 70577 /0.00 6E5.10/118,
B J4431 tps 8 FHotateletps 4761 3290 1471 25 60 2038 5360 32608 1048360 71152/000 686.09/116
B J44542.ps 7 JA43471ps 77 2300 18.73 2345 2102 411 33626 879872 716.18/0.00 | 672157120
B J44S 6 1ps 11 SFHolarisletps | 48,33 3141 16.92 2570 21.26 5987 34012 1056550 704.21 /0.00 660.90/118
B 14494410 15 1FHolaieletps 6257 %956 1661 2599 21.42 6308 34270 1080871 708.49/0.00 66915 /118
B a9 9 3FHolaelelps 56,44 36.80 19.64 6.9 246 6670  359.31 11624.75  716.38/0.00 | 675.04 /118,
tps 10 dFHolareletps  57.12 36.43 2069 2.3 23.05 66.08  366.78 1195134 717.90/0.00 67555/117.
B J4436.1ps 5  J4495.ips £1.36 3716 24.20 2976 26.45 B0.76 42320 1416924 71919/0.00 674.15/126,
[ J4497.1ps
@ 1FHotarele tps
=& Cluster
[ J449M.1ps -0
B Jad9Bips -1
B J449f2.tps- 2
[ J4493.1ps -3
B J449H4tps - 4
B J44954ps-5
A A bma B

Evaluating of pairwise differences

The menu Cluster — Display differences shows a comparison of each two approximating
B-splines of all specimens. The method of calculation can be chosen before. The result relies

on the selected size normalization. The following methods are available:
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- Areatotal: Evaluates the area between two approximating B-splines.

- Areadorsal: Areatotal applied to the dorsal region only.

- Areaventral: Areatotal applied to the ventral region only.

- Mean delta square: Is the square root of the sum of al Euclidian distances between
the control points of two B-splines divided by the number of control points.

The possible methods of calculating and evaluating differences appear after choosing the

menu item.

“# Unbenannt - Morphomatica 1.6 beta

File Specimen | Cluster View ?

=10l x|

ODEHE | Insert:

BN Delete
- Traja Properties...
@ Cand  solect.., an existing Morphomatica document with the menu item "File - Open.
- B Ty Caleulate Mean Specimen
e T can insert specimens via the menu item "Specimen - Insert".
[ Leuct
- Leuct  Display Specimens. .. isplay the outline of a specimen select it in the left tree view.
[ Leuce  Display Coordinakes, ..
[ Limne
-1 Limnc y Area dorsal
@ Limne  ExporttoData File... Area ventral
3 Limne  ExporttoImage Fls.., Man delta quadrat
-3 modified Leucocythere
~[3 Prionocypris zerkeri.T
-[E1 Pseudocandona albica

=B Cluster

A Trajancypris clavata, T
+[B Candona candida.TPS
[ Ilyacypris bradyi. TPS

B Leucocythere kamenic
+[E Leucocythere mirabilis
-[F Leucacythere mirabilis
- [@ Leucocythere mirabilis—
-~ [3 Limnocythere sanctips
-3 Limnocythere sanctipe
~[B Limnocythere sanctips

-3 Limnpcvthere sancti_DiLI
4 | »

Coordinates | [MUM | s

After selecting the method a matrix with the calculated valuesis printed out.

*= Unbenannt - Morphomatica 1.6 beta i =]
File Specmen Cluster View 7
| | Specimen Lt [ 2 [T 3] 4 1 s ] & [ =
[ Trajancypris clavata. T | | Trajancynris clavata, TRS 0,00 15725 10435 128.62 13892 137.66 1345
[ Candona candida, TPS Candona candida, TPS 157,25 0.00 140,91 207.60 223.23 210,48 218.3:
A Thyocypris bradyi TPS Ikvocypris bradyi, TPS 104,35 140,91 0,00 110,93 114.40 79.55 9542
[ Leucocythere kamenic Leucocythere kamenicae LY m %-9.tps 12862 20760 110,93 000 28,51 5228 3643
[ Leucacythere mirabilis Leucocythere mirabilis LY m Mod7-266.kps 135,92 22328 11440 Z3.51 0.00 4741 31.06
I Leucocythere mirabilis LY m Mo47-27B.kps 137,66 21048 79.55 5228 4741 0.00 23.26
BL L bil
Bl Leucaeytnere mirabils | 1) o cocythere mirabilis L m Mo47-29B1, tps 134,54 21831 9542 3643 5106 23E6 000
B Leucocythere mirabilis | |} imnocythere sanctipatrici L F Mad1-25 1 tps 11865 I55.61 47.30 6129 79.88 6857 7800
[ Limnocythers sanctips Limnocythere sanctipatricii LY F Mo41-30,tps 10468 17416 67.11 6229 6090 5942 o6l.20
- [E Limnocythere sanctips Limnocythere sanctipatrici LY m Mo41-28.tps 15545 215,20 13865 71,22 9273 100061 9937
- [& Limnocythere sanctips Limnocythere sanctipatricii LY m Mo47-26B.tps 13344 20248 122,17 4785 7036 6132 7.1
--[@ Limnocythere sanctips modified Leucocythere mirabilis L m Mo47-2961.tps 113,30 176,43 51.20 72.43 7535 43.03 53.04
- Prionocypris zenkeri, TPS 117,32 13259 9466 186,11 186,71 152,83 167.3
dified L th

g L"rTD;;iyp::'czoecnier?r: Pseudorandana albicans, TS 157,85 10055 L16.68 17574 196,41 18334 19040

- [B1 Pseudacandana albica

=B Clustar
Ei] Trajancypris clavata.T
- [@ Candona candida.TPS
B Ihvocypris bradyi. TPS -
[ Leucocythere kamenic
[ Leucacythere mirabilis
[ Leucocythere mirabilis
[ Leucocythere mirabilis=
[ Limnocythere sanctipz
- [E Limnocythere sanctips
[ Lmnocythere sanctipz

- [A Limnocvthere sancti_nid
4 | »

Ready

»
Coordinates ,_ LI ,_ v

B
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By clicking the right mouse button into the matrix a menu, including options for

processing appears.

“# Unbenannt - Morphomatica 1.6 beta

File Specimen Cluster Yiew 7

D H & 2|
- & Specimen | | Specimen | 1 | 2 |
B Trajancypris clavata. T Trajancypris davata, TPS 000 157,25
-+ Candona candida. TPS Candona candida. TPS 157,25  0.00
B Thocypris bradyi, TPS Ilyocypris bradyi, TPS 104,35 140,91
[ Leucocythers kameric Leucocythere kamenicas LY m %-2.tps 125,62 20760

Leucacythere mirabilis LY m Ma47-268,tps 135,92 223.28

- B Leucocythere mirsbilis ” wpn s RS

B Lewcocythere mirabils | |70 coibar  sort column ps 13454 21631
B Leucocythers mirbilis | | Gnrocytheres:— fl.tps 118,65 155.61
B Uimnocythere sanctipe | | Limnacythers s:  CoPY shest tps 104,658 174,16
-3 Limnocythere sanctipe Limnocythere s:  Copy column tps 155,45 Z215.20
-+ [@ Limnocythere sanctips Limnacythers si  Copy specimen E.tps 133,44 202,48
[ Umnocythere sanctipz modfied Leucocrermeremraomeermrmee 7--2061 tps 113,30 176,43
) Prionocypris zenkeri, TPS 117.32 13259

= dified L th
B modfied Leucocythere Pseudocandona albicans, TPS 137,88 100,55

[ Prionocypris zenkeri.T
[ Pseudacandona albica
E-& Cluster
-3 Trajancypris clavata. T
- [@ Candona candida, TPS
B Ilvocypris bradyi, TPS -

=g o .

Choosing the menu item Copy sheet will copy the matrix into the clipboard where the data
are available for further work in other applications (e.g. MS Excel, Primer).
Example of an exported sheet opened with MS Excel:

Ed Microsoft Excel - Mappel =lo x|
J Datei Bearbeiten Ansicht Einfgen Format Extras Daten Fenster 7 ;Iiljl
DEEHaSgRY|inl o- &= a8 @@ 2|~ -w-|Fxu|e ?
A15 ~| =]

A I’ B [ e b [ E [ F e [ H | I [=
| 1 |Trajancypris clavata. TPS 0 157.25 104.35 128,62 138.92 13766 134.54 118.65
| 2 |Candona candida. TPS 157.25 014091 2076 223.28 21048 218.31 158561
| 3 |llyocypris bradyi TPS 104.35 14091 0 11093 1144 7955 58542 473
| 4 |Leucaocythere kamenicae LY m ¥-9.tps 126862 2076 11093 0 2851 5228 3643 B81.29
| 5 |Leucocythere mirahilis LY m Mod7-26B.tps 138,92 22328 1144 2341 0 4741 31.06 7988
| 6 |Leucocythere mirabilis LY m Mod7-27B.tps 137.66 21048 7955 5223 47.41 0 2326 BB57
| 7 |Leucocythere mirabilis LY m Mod7-2981 tps 134.54 21831 9542 3643 31.068 2326 1] 78
| 8 |Limnocythere sanctipatricii LY f Mod1-28 1.tps 118.65 15561 473 8129 7983 BBS57 78 0
| 9 |Limnocythere sanctipatricii LY f Mod1-30.tps 104.68 17416 6711 B2.29  B0OS 5542 B1.2 2903
| 10 |Limnocythere sanctipatricii LY m hod1-28.tps 155,45 2152 13865 71.22 9273 10061 9937 108.29
| 11 |Limnocythere sanctipatricii L' m Mod7-26B.tps 133.44 202,48 12217 4785 7036 8132 77.11 B9.39
| 12 |modified Leucocythere mirabilis L' m Mod7-29B1.tps | 1133 176,43 512 7243 75635 4303 65304 4542
| 13 |Prionocypris zenkeri. TPS 117.32 13289 8466 186.11 186.71 152,83 167.32 130.26
14 Pseudocandona albicans TRS 137.688 10055 116.65 175.74 196.41 183.34) 191.4 137.45
15 |
16
[17]
18]
19
20
21
22
23
4 4] p [m[Tabelle1 { Tabellez { Tabelle3 [«
Bereit | ] (i

Remark: Due to the structure of the algorithm for computing the area deviation of shapes
where the approximating B-spline changes direction cannot be calculated. In this case an error
message comes up and you get the entry " n.c." for “not calculable” into the concerning cell.

Asarule, such shapes occur only in faulty datasets.
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Export specimen and cluster data

The calculated data of the cluster can be exported as a text file by using the menu item

Cluster - Export data. The contents to export depend on the selected entry in the tree view.

“= Unbenannt - Morphomatica 1.6 | =] 4]
File Specmen | Cluster Wiew ?
=] | Insett .
o = e Delet
- Er Specimer P:Je:rt\es kn | Area kotal | Area dorsal | Area venkral | Mean Delta-Square | Mean C
[ Okar f i7(160722). TPS 45,13 20.03 Z5.10 32.85 2
B Chie  sgject,., lumina(130722.TPS 76.23 40,42 35.81 43.06 3
B cand ) 130722, TPS 0,92 0.45 0.47 0.29 i
B Cand Calculate Mean Specimen 130725 Tps 0.00 0.00 0.00 0.00 i
(i (sfieremee ris bradyi TPS 8078 50.41 30,37 66,69 5
B onf i
B finc " Dieplayaned there mirabilis LY m 1-F.tps 135,93 104,83 29,09 67.27 5,
P Iy S o there mirabiis mean speciman m.tps 126,65 97.9¢ 28,71 63,10 5
B Ilyoc v Display Coordinates. ..
-3 Leut  Display Differences 4
@ Leuce
SNE T Export to Data File. ..
=B Cluster Export ba Image File..,
@ OkGrosi7{160722).TPS - 1
B C.kiefMluminal130722. TP
[ Leucacythere mirabilis Lt
B Leucacythere mirabilis me
N L | N i
Coordinates | MUM |

In the upcoming dialog, you have to specify afile name for the export file.

2

Speichern in: IaSnurcEn j & £f E-

D ateiname: IEandnninae - Exercige 2 bt j Speichern I
Diateityp: IText D atei(* tat] j Abbrechen |

A

After saving, this text file can be opened and further worked with (e.g. with MS Excel or
other statistical programs).
Example of an exported text file opened with MS Excel:
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EA4 Microsoft Excel - Candoninae - Exercise 2 - Export Cluster.txk - |El|i|
J File Edit WYiew Insert Format Tools Data Window Help _|E|ﬂ|
DeEHESRY iR S - &z &85 @S 10w -0,
| Al .w.n;g|§§ |§%, 3 .

Al j =| Specimen Info:

A B ¢ [ o ] E | F [ 6 [ H |§
Specimen Info:
Specimen Mame  Image File  Locality | Sex Stage Identifier

candida 10 4m-fvg. candidal0
candida 2 SMBm-fwi candida
candida 3 SM3m-f-w candida
protzi 3 Z¥WW8m-m-vg protzi
<Mean Specimens

Cluster Info:

Specimen Mame  Mean Delta  Max Delta Surm Delta | Sum Delta Qu hWean Delta Quadrat
candida 10 l4m-fvg.|  39.561 79.406 | 949462 @ 46.714.844 44.119
candida 2 SMBm-fw  32.566 67.451 | 788779 32621.813 36.568
candida 3 SM8m-fv 35620 58.585 | B854.889  37.803.234 39.658
protzi 3 SWSm-m-vg  0.000 0.000 0.000 0.000 0.000
<Mean Specimen> 26721 52725 | B41.311 0 21.345.439 29.523

Cluster Approximation for Specimen: candida 10 Mm-fvw. TPS

[N S O O SR N R e Bl Bl Bl vt Bt Bl el Rl et

Indesx Contral Paoint Delta “ector Delta Length
¥ ¥ ¥ y

m1 652.153 0000 -79.230 0.000 79.230

d1 BE1.217 85193 79207 -5.618 79.406

dz2 577713 227285 -57.630 9.165 58.552

d3 477,239 363.250 -9.704 45.649 49,603

d4 327898 448340  -13.5B2 53.795 55.479

d5 164.520 485552  -15.182 32.556 35.922
| 30 |d& 3639 483.057 3.188 24977 25179
144/ » | M ", Candoninae - Exercise 2 - Expor / [4] LIJJ
Ready 1 I .

Print a MORPHOMATICA document

The contents of a MORPHOMATICA document can be printed with the menu item File -

Print. The contents to be printed depend on the selected entry in the tree view.

il 3

Eigenzchaften... |

— Drucker

Marne:

Status: Bereit

Ty HF Laser et EL
Standort:  LPT1:
K.ammegtar:

[ Auzgabe in Date umlsiten

—Drckbergich———————— Exemplare

i« Alle Anzahl der Exemplare: |1 3:
 Seiten von:|1 bis:|1 ﬂ ﬂ
) Warkienng

ok | Abbrechen |

Y ou can check the output before printing with the menu item File - Print Preview.
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‘& Candoninae-Exercise 2.mmd - Morphomatica §j’§:§ ;Iglﬂ
Schiiefen

Qrucken...l Méchste | “Yorherige | ZweiSeitenl Yerartfern | Serkieiner

Specimen: D\DateniDanM orph2icandida 10 14m-fvg TPS

o4 a3

Wl W7
. i -

«| | »
Saite 1 Coordinates | MUM [

The printer settings (portrait, landscape, A4 or A3 format, etc.) can be done with the menu
item File - Print Setup.

Save a M ORPHOMATICA document

A MORPHOMATICA - document can be . ooy —— 21

save with the menu item File - Save. Speichem | Testdaten <« & -

=] Candoninae-Exercise 1.mmd
a Candoninas-Exercise 2,mmd

Y ou have to specify the desired path and
file name (the file is saved in a XML file

format).

Dateiname: Candoninae-E xercise 2. Speicherm I
Dateityp: Filetyp torphomatica [ mmd) ﬂ Abbrechen |
v

If MorPHOMATICA will be closed and the current document is changed but not saved, the

user isinformed and the document can be saved immediately.

orshomotica

& Anderungen in Candoninae-Exercise 2,mmd speichern?

Ja I Mein | Abbrechen I
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The complete contents of the MORPHOMATICA document are saved in a XML file. The
files from which the specimens where imported are therefore no longer necessary. So, it's e.g.
possible to send the XML file (with the extension *.mmd) alone per email to another user of
MORPHOMATICA.
Remark: It is also possible to extract the specimens again in the TPS file format (Menu:
Specimen -Export as TPSfile).
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