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0.2mm

Fabaeformiscandona caudata: left valve (a), right valve (b); Fabaeformiscandona lozeki:
female left valve (c), right valve (d), male left valve (e), right valve (f).

Above, you see microphotographs representing typical specimen of the two species.
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The pictures are transformed to a bitmap in a program such as Adobe Photoshop, to
enable digitalizing with tps.dig. Collect the specimen you want to compare in one folder, this
is not obligatory, but will help keep things organised.

Open MORPHOMATICA, click on Specimen in the menubar and choose Insert. A dialog

field opens where the samples that you want to compare are sel ected.

ol
File Specmen Clusker  View ¥
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[+ B Specimen
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open 2|
% Open . en™.
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To see the fit of the calculated outline select Approximation under Specimen in the

menubar.
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It might be useful to change the number of control points to get a better resemblance
between the calculated and the real shape.
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Mark the Cluster folder, select the specimen you want to compare and click Apply.
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B ChRy1115m. tps CaudSchartvg. TPS
B COmRY1l4m tps Col105MEm. ips .
[ CImRY1Ma41-20.tps %Cak”'a“ Cellldm lps specimen”
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Set the control points to the value that you determined earlier (usually 8 control points on

each half of the valve give agood result).

To see the coordinates of the vectors and the differences between the control points, mark

one valve as reference and select Display Coordinates.



| Ber. Inst. Erdwiss. K.-F.-Univ. Graz |  ISSN 1608-8166 | Band13 | Graz 2008 |

Unbenannt - Morphomatica 1.6 o ] [
File Specimen | Cluster Wiew 7

= n Insett l
- [F CmR Eelie X En | Area tokal | Area dorsal | Area ventral | Mean Delta-Sguate | Mean Delka I Max Delka | Sum Delta I Sur -
B cmp _ Froperties... Eclon-F-va, TPS 0,00 0,00 0,00 0,00 0,00 0,00 0,00
SE N U 2WEm-ve-F.bps 54,53 18,16 36.37 2675 22,00 7138 35195
B MR Coeulate Mean specinen [PS0omva RS 54,82 19.62 35.20 27.35 2470 4569 395.21
B cmR aufmann-f-vg, TPS 7487 23.12 5175 3463 2972 7826 475.56
B 38 Reference charf-f-vg. TPS 41,59 13,09 28,50 23.23 1891 58.92 302,60
) - i tps 44,92 18.96 25,97 20.72 1805 090 288.73
=& dluster | Display Specimens M. bps 42,91 17.45 25,46 22,96 19.59 46,74 313.43
e mutps 37,36 15.74 21,62 20,79 1653 4953 26445
B Caud  Display Differences » 6. tps 30.39 11,79 18,60 15,496 1331 3306 213.00
B Caud F10m.tps 39.85 15,59 24.26 21.29 1843 4907 294,83
[ caud ExporttoData Fie... M. ps 40,04 16,76 23.28 2138 17.41 4868 278,50
[ caud  ExporttoImage .., Mém. s 44,06 18.52 25.54 21.02 1826 4793 29208
Tr—crrrEhEm. tps 36.09 16.42 19,67 17.67 1553 373 24841
B Cdvilimips -5 13 CelWesMem.tps 34,96 14.27 20.70 17.93 14.79 43,83 23668
[ Celvismem.tps - 6 14 | CeLWPSMBm.tps 37,54 14.65 23.19 19.75 16.41 4617 262.59
B Colvzlm.tps - 7 15 ColvEsMEm.tps 42,03 16.11 75,92 23,66 19.17 56,80 306,71 -
[ Cely2smem.tps - & 16 CelvasMem.tps 36.17 12,99 23.17 18.50 1567 3698 253.92
[ CelvasF1om.tps - 9 17 Cel¥10SMem.tps 40,75 17.59 23.16 2138 1776 5295 23410
[ Cel¥35Mem.tps - 10 18 CeRY1l4m.tps 41,19 16,39 24,80 2272 19.13 5872 307.10
B Celv4sMem.tps - 11 19 CeRVISMEm.tps 51.27 19.06 32.21 25.76 2145 6415 4327
20 CeRv2IHm.tps 43.40 16,86 26.54 25.67 2172 6243 347.49
B ColvS5Mem.tps - 12 21 CcRVZSMEM.tps 32,55 13.02 19.54 18.85 15.90 4136 254.98
B CeL¥EsMEm.tps - 13 22 CoRV3SMEm.tps 30,92 17.02 22,91 23,44 19.23 62,42 307.72
B CelvFsMem.tps - 14 23 CcRY4SMEm.tps 37.05 13.10 23,95 21.01 18.04 37.78 28658
[ CelvasMem.tps - 15 24 CoRVSSMEM.tps 41,32 17.00 24,32 22.06 18.64 51,86 30146
B CeLyasMEm.bps - 16 25 CeRVESMSm.tps 34,55 15,09 19,45 19.42 1687 4267  269.99
B Clvi0sMemtps - 17 |26 CoRMTSMEm.tps 44.50 13,77 30.73 2152 1855 4653 296.83
-3 a1 S e ane E e Ge e
. .t . . . b . . .
g EEE:;IST;T;D_SZDIQ 29 CIfLY114m.tps 42,44 7.73 34,71 20,13 16.40 4273 22w
! 30 CIFLY1Mot1-23.tps 45,41 12,97 3244 20.74 1724 5105 27578
B CcRYZSMEmM.kps - 21 31 CIFLY1MoH-26.tps 38.52 11.75 26,77 17.85 15.34 42,50 2453
[ CcRW3SMGm.tps - 22 32 CIFLY1Mo#41-27.tps 45,04 14,62 30,22 22,25 18.85 57.08 301,55
[ CoRwveSMEmtps-23 |33 CFLVIMo41-28.tps 48.00 9.08 38.92 23.04 1852 6276 29637
[ CcRYSSMEm.tps 24 (| 3% CFLYIMa41-29.tps 41,54 15.52 26.02 20.70 1661 5246 26578
. ) - CIFL Y P41 =30, b &5.97 f.47 27.80 1A.54 12.92 4777 2NA.75 l
J Rl 1 ] _|_I

3
Coordinates | [Mom [ 4

To export the pairwise area deviation of the whole outline select Display Differences —
Areatotal.

Unbenannt - Morphomatica 1.6 3l x|
File Specimen | Cluster Wisw 7
Dl | Insert

ERC [ 1 ] = [ 3 « [ s 6 7 [ 8 a [ 101t 2] 13] 14]15][ =
[ ciop_ Froperies... fvgIPS 000 5453 5982 7487 41,59 4492 42,91 37.36 30,39 39.85 40,04 44.06 36,00 34.96 37,84
B MR cglact,.. wed-fips 5453 000 3484 4130 2275 4500 3167 3543 2543 2742 2351 1998 3757 ZLE3 2803
B R i e spedimen [PFVBTPS  SHE2 3484 D00 3667 2184 4230 2558 337 3174 2575 3272 2928 391 IS0 2795
B CInk ann-foeg TRS 7457 4130 3667 000 4262 7499 5653 6558 5543 SO0 SRE7 4720 6520 5400 E552

& iR MariasRefierence —f-vg, TPS 41,59 2275 21.84 4262 0,00 3369 1736 23.48 1753 11.29 1577 13.82 2617 1501 1331

) 5 4407 4590 4230 7409 3360 000 1978 1387 28,12 2713 2329 3363 1176 2549 2100
- ClmR  Display Specimens... tps 42,91 3167 2558 96,53 1736 1978 000 1272 1763 1167 1519 1728 1623 15497 7.97
B CmR Display Coardinates. .. < A7 R,43 3537 E6.58 2348 1382 1272 000 1814 1607 1275 2234 526 1644 1161

-3 Clft

[ IR ) Area dorsal
B cimp  Export to Data File...
.[d Clmp|  Export ta Image Fle...
—— e ]

Di e tal 43 31,74 5543 1753 2812 1763 15614 000 1584 1409 1643 1782 954 1281

42 25,75 S0.60 11,29 2713 1167 1607 1584 0.00 1225 1236 17.94 1278 746
51 3272 5567 1577 2329 1519 1278 1409 1225 000 11.30 1515 895 1008
93 29.23 47.29 1362 3363 1728 2234 1643 1236 1130 000 2445 1072 1559
57 3891 6820 26,17 1176 1623 35.26 1782 1794 1515 2445 O0.00 18549 1335

Area ventral
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1
o scloreFog Tps | CCLYESMEM RS 3406 2163 33150 5400 1501 ZE40 1507 led4 054 1275 605 1072 1840 000 1139 1
9 CeLWFSMEM bps 3784 2803 2795 5552 133 7199 707 1161 1281 746 1008 1559 1335 1139 000 ©
B Caud 9 2wsm-vd-ftp | | =ct vasmem.tps 42.03 2048 24.93 51.21 1378 2618 9.16 1656 1692 6.69 1519 1576 19.16 1632 9.25 (|
B Caud.Absalon-F-vg. TF | | CeLivasmem.tps 3617 3460 2721 S448 1812 2431 1304 1586 1132 1270 1682 1881 1603 1563 1084 1
[ Caud-kaufmann-fvg, | | CeLit10SMEm tps 4075 ERF3 FESE 514 1281 ZEA7 1081 1461 1633 729 1361 1375 1785 1349 020 &
B Caud-Scharf-fvg.1Ps | | CcRY1T4m tps 4119 1720 3152 5021 1665 3265 005 2093 1602 1635 1195 1070 Z3FS 983 1692 1
[ Cel¥1tm.tps -5 CeRYLSMEM tps 5127 1345 4247 5232 2571 3TE6 3003 A3 2530 2E.FY 1815 1830 3067 1074 2683 2
[ Celyistem.tos - 6 CrRYZT4m s 4340 FE34 F947  5ET0 1420 FRO7 1795 IT63 10E0 1Z5E 1047 1614 046 1471 1546 1
CrRYZSMAM s 4255 PAO5 7381 5EE9 ITG0 FREO1 1706 A& 957 1613 1383 1704 1907 1092 1483 1
B Celv2lm.tps - 7 CeRY3SMEm tps 30,92 2611 3271 56,98 1555 22,61 1534 1248 17.01 11.35 B854 14.65 1515 12.84 1085 1
B Celv2smem.tps - & CcRY4SMEm, tps 37.05 2389 2632 48.56 17.12 3850 26,75 30.05 16.21 2454 20,84 2035 3063 17.29 2415 2
[ Celv3aFLom.tps - 9 CeRYSSMEM tps 4137 1747 7385 4973 1591 335G 1996 F159 1466 1708 1202 1047 2413 926 1644 2
[ Crly3EMEm.tps - 10 CrRYESMAM s 3455 PA44 3270 5098 2006 FRFZ OITEL 1580 1337 1572 1209 161& 1756 1044 1437 1
B CeLvdsMem.tps - 11 CrRYTIMEM s 4450 1415 3617 4555 2370 4489 3250 AR3F SrIE PAAY ZRAT F0FY 365 1056 ZAS4 3
B CelVEsMembps - 12 CeRVASMAM tps 4630 1550 3652 SOO03  1A04 3251 2431 21092 2240 19.93 1249 1203 2593 1397 enod 2
[ Celyestem.tos - 13 CIFLY1GFm, tps 41.41 FAS51 SO4R G309 5745 4723 4886 5123 4953 5349 SO.52 A1A0 4915 5746 S1A1 5
CIFLY1T4m.bps 4244 B0L29 F419 I0406 G589 4557 5435 4046 5441 5004 5990 AFOA 4809 5937 5442 5
B Colv7SMemtns - 14 | oy modi-23.tps 4541 6608 6038 9092 6693 S5.01 5666 S59.37 5079 6257 6614 70.78 S6.67 6.5+ 6091 6
[ Cel¥B5MEm.tps - 15 CIFLYMo4H-26 bps 3852 7498 6166 A5l 5728 4545 4936 4765 4863 5140 56,38 5347 4394 5559 5007 5
[ CelvasMEm.bps - 16 CIFLYMo41-27 tps 4504 B0.23 6350 9052 6220 4995 5322 535 5421 5535 6192 6341 4966 6LOF 5508 5
[ Clvi0sMemtps - 17 | CFLYIMa41-28 tps 48.00 8207 FL49 10074 €559 4924 5535 5416 5497 509 6319 6815 5132 6219 5653 5
[ CeRV1I4m.tps - 18 CIFLYMoH-29 bps 4154 7632 5717 E040 5729 4785 4855 5003 5034 5158 SB.55 5925 4729 SR G111 4
A CeRviSMEm, Ds,illl CIIiLVlMoﬂ-SD.tps 35,57 I?g.uo 5301 B7.72 S9.E0 4756 5223 5097 SO7E2 S6.20 6067 G468 4895 5862 53T 5w
1| i » 4 »
Coordinates | [wum |
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The resulting sheet is a classical matrix that can easily be exported to Excel. Right click
the sheet and choose Copy Sheet, open anew Excel table and paste the sheet into the field A3.
Into field A1 write atitle, copy the names of the specimen and paste it with Paste Special —
Transforminto field B2. Save the Excel file.

B3 Microsoft Excel - Example 1(010708).5ls [Schreibgeschiitzt] =10l x|
|6 patei Bearbeten arsicht Einfugsn Format Extras Daten Fenster 2 M=) 5[‘

[DERa8RY (s 2R - @2 & 45 0B - [ ||« -1 s|Fxu=E B9 e %wmds -
Al - =| Example 1(010705)

A [ B | ¢ | ©o ] E_ | F [ 6 ] H | 1 I J I K| L[ W] N
1 [Example 1(010708 1
| 2 Loz-absolon- Caud 9 ZW8r Caud Absolol Caud-Kaufm: Caud-Scharf: CeLy14m tp Celv1SMEm Celv2Mm.tp CclW2SMBm Celv3GF 10r Cely3SMBm Celv4 SMBm Col VaSi
| 3 |Loz-absalonfvg TPS 0 54.53 54.82 7487 41.59 44.92 4291 37.36 30.39 3985 40.04 44.06 3
| 4 |Caud 8 ZW8m-ve-fips 54.53 i 34.84 41.3 22.75 459 3187 3543 2843 2742 2351 19.83 3
| & |Caud Absolonfvg TPS 54.82 34.84 0 36887 21.84 423 2558 35.37 31.74 25.75 32.72 29.28 3
| 6 |Caud-Kaufmann-fvg TPS 7487 41.3 3B.67 0 4262 74.99 5653 B5.58 5543 508 55.87 47.29
| 7 |Cauc-Scharf-fvg. TPS 41.59 22.75 2184 42,62 i} 33.69 17.36 23.48 17.53 1129 15.77 13.62 pl
| 8 |Cclvidmips 4492 45.9 423 7498 33.69 0 19.78 13.82 28.12 27.13 23.29 33.83 1
| 8 |CcLvISMBm tps 4291 3167 25.58 5853 17.38 19.78 0 12,72 17.83 1187 15.19 17.28 1
| 10 |CeLv2dm tps 3736 3543 35.37 65.58 2348 13.82 1272 i} 18.14 16.07 12.78 22.34
11 |CcLVISMBm.tps 3039 20.43 31.74 5543 17.53 28.12 1783 18.14 0 15.84 14.08 1643 1
1 el 3ARF 1N tn. A A 1120 1
I4 4> b [\Tabellel { Tabelle? £ Tabeled

Bereit

Start Primer, select Open and choose your Excel table; in the pop up dialog field click
Smilarities, on the second surface, Dissimilarities, check that the right number of lines is
imported, if not most likely a labelling mistake occurred. If everything is correct, click OK.
The matrix is displayed.

£ Example1{D10708) _1ol x|
Example {(010708)
Digsimitarify (0 fo 100)
Loz-absolon-ﬂCaud 9 ZWSn'lCaud.AbsolodCaud-Kaufma Caud-Scharf-1ColLW1 14m tps| Cel v SMBm.ﬂCcLVEMmIpS CcLV2SMBm.ﬂCcLV3GF1 Om|CcLy3Sh |
Loz-absolon-f-vg T I
Caud 8 2WSm-vl-f § 5453 —
Caud Ahsolon-f-vg. o452 3484
Caud-Haufmann-f-v 7487 413 36.67
Caud-Scharf-f-v. T 4159 2275 2184 4262
Colh 4m tps 4492 459 423 7499 33689
Colh SMEm tps 4291 6T 2558 56.53 1736 19.78
ColY24m tps 3736 3543 3537 B5.58 2348 13.82 1272
ColY25hMEm tps 3039 2643 3174 5343 17.53 2612 17 63 1614
CoclY3GF10mtps 3883 2742 2573 S0.6 11.29 2713 1167 16.07 1554
CelW35MBm tps 4004 23491 3272 23 67 1977 2329 1519 1278 14.09 1225
oo | =
o | _>|_I

Under the header Edit choose Factors, a list of the specimen is displayed, click Factors
and select Add.

=0l
Edit | Factors
e
FEr=e el species sex
Remove. .. -absolon-fvg TF| IFa
Flot key...  |dAbsolonfvg | ca
oF T TCaudKaufmann-f-w| ck
Caud-Schart-fvg TH cs
Caed CclV105MEm.tps | o
CelW1l4m.tps c
CelW15MBmlps  |c
Cel¥2ldm tps c
Help | CelV2SMEmips |
Ccl¥3GF10mtps |c
CelW35MBmips  |c
CclW45MEmlps  |c
CclWBSMEmtps  |c
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You are now asked to give a name for the factor you are about to make, the name for the
factor is important if you give the samples several factors (e.g. species and sex/species, sex
plusindividual identifier/species, sex plus origin, etc.).

The same factors are used for the statistical methods, such as Anosim or Cluster. It is
possible to produce the factor lists in Excel and copy/paste them into Primer (paste only
works with the menu or the keys and not the right mouse button); thisis helpful since it might
speed up the process of labelling. In the Factors menu you can also define a plot key plus you

can move the given factors up and down, which makes the legend easier to interpret.

To produce aMDS plot of your matrix click on Analyse and select MDS. [analye. optons

AMOSIM...
AMOSIME. ..

CLUSTER...

The program asks for the number of restarts and starts calculating. The more restarts you
have the more reliable the results are, but the longer the calculation takes, ten restarts are
usually sufficient. The MDS will be displayed in a new window, go to Graph and select
Properties. Choose the factor and whether you want labels and/or factors displayed. The
graph can be rotated in order to give the best display of the data.

=
[ Fle Edt Wiew Graph Tools Window Help e
DEEHSGE 2Rk 2OE & kR T
“&Eagfgpﬁ:ﬁ;”s;m) Example 1(010708)
= MDS1 _
| 2D Stress: 0.09 |[species sex
© B Grapns O Ifa
- Graph4 mc
] u ca
e BT 0m o ck
: "ty o
o. L « B oI
. % g oim
Ll | n
°?®
e @ o @ o
* o
s @ .
®
° oo ©
™
.
L ] ] . 0
° ) .
»
* % o
®
. .
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F .caudata det. A. Absolon (Absolon 1973)

F. caudata det. A. Kaufmann (Kaufmann 1900)

F. caudata, det. B. Scharf (Scharf and Keyser 1993)
c F. caudata, lake Mondsee (det. D. Danielopol)

F

F

F

. lozeki female, lake Mondsee (det. D. Danielopol)
. lozeki male, lake Mondsee (det. D. Danielopol)
. lozeki female, det A. Absolon (Absolon 1973)

Further calculations such as Cluster or ANOSIM can be performed using “Primer” as
well.
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