Another Approach to Outline Analysis

B - Splines, Control Points
&
MORPHOMATICA

By

Prof. Dr. Dan L. Danielopol(Visiting Researcher)

Commission of the Stratigraphical & PalaeontologichResearch of Austria,
Austrian Academy of Sciences, c/o - Institute of Edéin Sciences (Geology
and Palaeontology), University of Graz, Heinrichstasse 26, A-8010 Graz

Mag. W. Neubauer, Univ. of Salzburg, Inst. of Mathematics




eometrical Method
Landmark analysis Outline analysis

B-splines
Linhart'sAlgoritm
(Baltands et al. 2003)

Least-Squares

Eigenshape analysis -
TT*‘:‘ET‘ J P Y Complexity
LgaTle A (Lohmann 1983) (fractal approach)

Sneath 1967 - -
Fourier analysis

Resistant-Fit
Theta-Rho-Analysis

(Si Rfl:;‘;RBA . Biorthogonal § Standard Fourier
e ey " grids analysis lliptic Fourier analysig

Kuh! & Giardina 1982

Thin-plate splines Dual-axis Fourier shape analysis
(Bookstein 1989) Moellering & Ra







About “Morphomatica”
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Morphomatica (current version 1.6) uses B-spline curves to
approximate the pixel data of ostracod outlines.

The program, evolved under the
leadership of Dan L. Danielopol, was
written by Wolfgang Brauneis during
2001- 2007.

Johann Linhart adapted the B-splines
to approximate ostracode outlines.

Morphomatica ve:s

Download at : Approximation of Ostracoda

http://palstrat.uni-graz.at Wolfgang Brauneis,
Walter Neubauer - Software Implementation
Johann Linhart - Mathematical Methods
Dan Danielopol - Biological Background










Linhart’s algorithm
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OUTLINE ANALYSIS OF Cryptocandona

The genusCryptocandona Kaufmann 1900 represents a primitive phylogenetic
lineage within the SF. Candoninae
(cf. thoracic limbs & hemipenis in Namiotko et al.,2005a, 2005b)

Cryptocandona vavrai Kaufmann 1900 is a species widely spread in Europe,
especially in running waters like springs and in sperficial groundwater
(Loffler & Danielopol, 1978). The species is easilgcognisable using the valve
& the limbs traits. The species reproduces parthergenetically and seldom
males were collected & studied (cf. Namiotko et al2005b).




Additional material helping to
reconstruct the evolutionary
cronicle of Cr. vavral lineage LaClougelafod
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Biometric data
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Main areas whereCr. vavrai were sampled for this study
(cf. Baltanas et al., 2000, lepure et al., 2007, MS submitted)

A-Gentilino (Kaufmann 1900); B- Arsine; C-Alas; D-Suncuius,Bulz & Sighistel;
E-Isverna; F- La Clou de la fou; G-Adamello-Brenta; H-PID (Miocene-fossil).
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Shape Analysis




Variability
left valves
CVK-Gentilino,
CF-La Clou d.Fou,
SG-Sighistel,
AL-Alas,
AR-Arsine,
BU-Bulz
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Virtual mean outlines for left valves (n = 8/ population )
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Superimposition of mean shapes
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2D Stress: 0.07

Multi Dimensional Scaling-MDS
(non-metric!), cf. lepure et al. 2008.
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UPGMA-Cluster based on valve
disparities
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An example of matrix for computation of the Linhart’s Disparity Index

32.54
18.8 22.5
21.45 20.68 20.65




Results of the one way ANOSIM test for the differences (expressed by the R statistic

values with the probability levels) in the total, dorsal and ventral area of the female valves

between pairs of the studied populations. R=(MeanIB -MeanrW)/0.5(n(n-1)/2)
r-rang of pairwise disparities , B-between
populations, W-within population.

Total area Dorsal area Ventral area
Populations

R statistic  Plevel (%)  Rstatistic  Plevel (%) Rstatistic P level (%)

AR -BU 0.80 0.1 0.68 0.2 0.68 0.1
AR -SU 0.81 0.1 0.66 0.1 0.82 0.1
AR-AL 0.31 0.9 0.37 0.5 0.10 93
BU-SU 0.16 34 0.22 1.2 0.02
BU - AL 0.92 0.3 0.94 0.1 0.59

SU- AL 0.98 0.1 0.99 0.3 0.77

Description of the ANOSIM algorithm, in Clarke & Wa rwick, 2001




Protocol for measurements of distances
between landmarks/pseudolandmarks
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Theoretical morphology
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Modelling of the shape of a male valve through defmation of a female
valve of Cr. racovitzai at the CP — v4. (A-male‘s valve of. Cr. vavrai from
Namiotko et al., 2005b)




Conclusion

(1) The algorithms used in the computer programme
,Morphomatica“ 1.6 are effective tools for
reconstruction of the affinites and/or differences betwee
the valve morphology of different populations of
Ostracoda as well as for the reconstruction of their
evolutionary trajectories both developmental anc
historical one.

(2) Morphologic traits of valves as compared to those of the
limbs, when studied with both classic and geometric
morphometrics are able to offer rich information for
evolutionary systematics and for ecology.




EPILOGUE

For the harmony of the world is made manifest in Form and

Number, and the hart and soul and all the poetry of Natural

Philosophy are embodied in the concept of mathematical beauty.

D’Arcy Wentworth THOMPSON
(On Growth and Form, 1917)
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Protocol of valve outlines representation for a gien
species/population (reference shape should be thelbtype)

100 microns
DeltaVacsSeale: 2.50




Quantitative evaluation of Disparity

WD = Within Population Disparity
WD, = (Cd(P,)/ ny) ; WD, = (Zd(P,)/ n,)

BD = Between Populations Disparity
BD =>d(P,,P,)/ ny*n,

Linhart's Disparity Index
LDI= (X d(P1,Py) / ny*ny ) [ 2d(Py) 7 ng?) + d(Py) / n?)
Finnal values are expressed as Ln of LDI scaled
from O (complete similarity within and between
populations) toc dissimilarity .
See for descrition of the LDI algorithm, Neubauer‘s mater thesis at
http://palstrat.uni-graz.at/morphomatica/




