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Preface

The aim of the present workshop “Methods in Ostracodology” is to intensify
communication between specialists, both palaecontologists and neontologists interested in
taxonomy, evolution and (palaco)ecology of ostracods. This goal can be achieved if we are
aware or if we adopt some of the new research tools useful for the description of ostracods
and their use for environmental reconstruction. Therefore, our intention is to make more
available techniques used for three types of purposes:

1. sampling sediments to gain a high resolution spatial and temporal record,

2. applying geometric morphometrics for ostracod description and taxonomy,

3. using stable isotope composition of ostracod valves for further use in
(palaeco)environmental reconstructions.

Morphometrics, the quantitative description, analysis and interpretation of form, is
especially suited for ostracods, particularly when combined with conventional multivariate-
statistical techniques and with methods used in computer graphical analysis. As F. J. Rohlf
noted (Ann. Rev. Ecol. Syst., 1990: 299) "morphometrics is a fundamental area of research"
and "techniques of description and comparison of shapes of structures are needed in any
systematic study ... based on the morphology of organisms".

The present volume presents a series of contributions in this scientific field: Dr. A.
Baltanas (Madrid) provides a general overview on morphometrics including traditional
methods but focussing on geometric morphometrics and its various aspects. The major part of
this volume deals with an alternative geometric morphometric method newly developed in
Austria, mainly by specialists from the University of Salzburg (Prof. J. Linhart and his
students). This method is documented herein with its mathematical background, a detailed
programme description and some practical examples as well, and is introduced - besides the
workshop attendees - to a broad scientific community.

In addition to this focus on morphometrics, the workshop will also provide information
on and demonstration of specific field sampling and analytical techniques for high resolution
studies. Such field techniques will be demonstrated in the well studied clay pit of Mataschen
(Styria).

Ecological interpretations and environmental reconstructions are based on
morphological characters but are increasingly supported by and combined with analyses of
the stable isotope composition of the ostracod valves, preferably of 8'*0 and 8°C. On the
application of these geochemical techniques in ostracodology special emphasis will be placed,
covering different aspects from the mere analytical procedure to the influence of diagenesis
on the isotopic values (Dr. J. Boomer, Birmingham, Dr. C. Latal, Graz).

These methodological aspects will be supplemented by contributions of most workshop
participants on various ostracod and environment topics.

We are grateful to the Austrian Science Fund for its long year support.

Martin Gross, Dan L. Danielopol, Werner E. Piller
Graz, July 2008
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GEOMETRIC MORPHOMETRICS —

A contribution to the study of shape variability in Ostracods

Angel Baltanas

Department Ecologia, Universidad Autébnoma de Madrid (Edif. Biologia), E-28049 Madrid
(E-Mail: angel.baltanas@uam.es).

We have told each other so often and with such force and such eloquence of
the uses to which the study of ostracodes has been applied that we have
overlooked one startling fact: almost no one uses ostracodes for anything.
R.L. Kaesler (1983)

Why shape?

Biodiversity is an issue of main concern not only for scientists but for the whole society
as well. Taxonomic richness is but one of the many ways we use to express biological
diversity. Morphological disparity — the amount of shape variability within a clade — is
another. And given that both features do not necessarily correlate (Cherry et al. 1979, Foote
1993a), their comparison can provide further evidence about ecological and evolutionary
processes involved in the production and maintenance of biodiversity.

Morphological disparity can be explored at a wide range of taxonomic levels. Indeed,
there has been a growing interest in methods addressing morphological disparity in recent
years (Foote 1997, McGhee 1999, Ciampaglio et al. 2001, Wills 2001, Zelditch et al. 2004).
Some ‘classic’ studies concern the morphospace occupied by spiral (Raup 1967) or planar
branch systems (McKinney 1981) aiming to understand macroevolutionary patterns at high-
rank taxonomic levels. Studies in ecomorphology, however, commonly focus at lower
taxonomic levels (mainly, closely related species) seeking for correlations between
morphology and ecological requirements (Norberg 1994) or for the effects of competitive
selective pressures assumed to occur between (Dayan et al. 1990). At the species level,
between-populations disparity and its correlation with environmental conditions is used to
evaluate adaptation to local conditions (Loik and Noble 1993); and at further detail,
morphological variability within a population can be related to the niche concept and

dynamics (Pulliam 1986) or to sexual selection (Mgller 1994).
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Finally, there is an increasing interest in exploring the potential for shape change of a
given genotype — the phenotypic plasticity of morphological features —, as well as its adaptive
value (Schlichting and Pigliucci 1998).

The amount of morphospace occupied by a set of clades has been used as indicator of
ecological diversity (Warheit et al. 1999), evolutionary radiation (McGhee 1999),
morphological convergence in distant communities (Ricklefs and Miles 1994), or selective
extinctions (Roy and Foote 1997). Less frequent is its use as tracer of environmental

conditions or dispersal routes of groups below the species level (populations, clones, ...).

Why Ostracods?

Most of the issues outlined above can be extensively addressed using ostracods. Indeed,
this group of organisms can be labelled as ideal for a morphometric approach because of its
high taxonomic richness and the diversity of habitats occupied. In addition, ostracods have an
extensive fossil record, a feature that allows the examination of shape-environment
relationships back into evolutionary time scale.

Morphometric study of ostracods mainly focuses on the analysis of carapace shape.
Ostracod carapace has a marked functional meaning; it is the interface between the organism
and its environment (Benson 1981). Hence, ostracod carapaces can be considered as
engineering solutions, a compromise between design and materials, developed to match
specific environmental conditions (Benson 1981). Consequently, it is assumed that ostracod
carapace is subject to selection pressures (i.e. has adaptive value).

At the specific level ostracod carapaces include such a number of features (tubercles,
ribs, nodes, spines, ...) and are conservative enough to be used for taxonomical identification
in both neontological and, specially, paleontological studies. Carapaces, however, are not
invariant morphological features at the specific level; indeed, valve shape variability has been

extensively documented both within- and between-populations.

Methods for the study of shape change and variability

Form and shape

‘Form’ is an attribute of organisms that is made of two components: size and shape

(Benson 1975, Bookstein 1989, Foote 1995, Baltanas et al. 2000). To discern between ‘form’

4
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and ‘shape’ is not a trivial matter given that we frequently deal with information regarding
‘shape’ which, in fact, is related to ‘size’ (allometry). This is particularly the case when
studying ontogenetic processes or in comparisons between individuals grown under different
environmental conditions (Rohlf and Bookstein 1987).

Concerning methods and techniques available for the study of shape change and
variability, several approaches exist but we will here concentrate in two: Traditional

Morphometrics and Geometric Morphometrics.

Traditional Morphometrics

This approach, also named Multivariate Morphometry (Reyment 1985, Foote 1995) and
Multivariate Biometry (Bookstein 1993), is an application of multivariate statistics to
morphometric issues. Although widely used, these techniques have a main flaw: they do not
recognize de geometric origin of the data under scrutiny. Variables used in this approach —
distances, angles and ratios—are out of context both geometrically and biologically
(Bookstein 1993). In other words, the set of variables used in these procedures preclude the
reconstruction of the original shape out of their values. Such loss of information makes these
methods of limited value.

Statistical techniques aimed to study relationships between morphological features
(length, height, weight, ...) developed well before the term ‘biometry’ was coined (Galton
1869, 1889). Examples can be found in the works of Montbeillard, Quetelet and Galton; as
well as in later contributions by Edgeworth, Pearson, Fisher and Wright.

The many multivariate techniques existing, which have been applied to numerous sets of
meristic data derived from a plethora of organisms, emphasize the structure of the covariance
matrix over other aspects of the measurements and lack any connection to the geometrical
arrangement of such measurements, their biological meaning or the functional processes
related to the organism development (Bookstein 1993). Such situation can be noticed in the
first publications that use the term ‘morphometry’ in its current use (Blackith 1965, Blackith
etal. 1971).

In addition, traditional morphometrics has some severe limitations (Lestrel 1997): (a) it
is highly subjective; (b) it does not preserve information on, i.e. it is not possible to recover
the original shape out of morphometric variables used (distances, angles and ratios); and (c)
all variables used are but a small amount of all information about shape contained in a

biological object.
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Aware of such circumstances, several scientists (Jolicoeur 1963, Burnaby 1966,
Mosimann 1970) tried to put additional emphasis on the biological foundations of
morphometric data. Their attempt, however, was not successful enough. The actual turnover
occurs at the beginning of the ‘80s with the rise of the so-called Geometric Morphometrics

(Rohlf 1990a, Rohlf and Marcus 1993, Bookstein 1991, 1993).

Geometric Morphometrics

Geometric morphometrics inspire, partially at least, in the work of D’Arcy W.
Thompson (1942) who approached the study of biological shape change as distortions
occurring in a cartesian coordinate system which have been previously selected on the basis
of its biological homology. Shape is a definite entity, a configuration of points that keep
geometric relationships among them and cannot be split into isolated items (like length or
height). Confronted with a biological shape, the morphometrician will attempt to describe it in
terms of transformation from an original reference shape. Although the approach proposed by
Thompson was very appealing and promising it was not accompanied by any analytical
procedure. It was the arrival of the computer age, several decades later, that makes it possible
to develop application for morphometric analysis based on Thompson’s ideas feasible
(Bookstein 1993).

Within geometric morphometrics, comparisons between organic forms are addressed by
collecting information concerning the location of discrete points, called landmarks. A set of
homologous points, landmarks, provides information of the biological form given they are
distributed homogeneously on the organism and bear some biological meaning (Goodall
1983, Bookstein 1984, 1986, Chapman 1990, Rohlf and Slice 1990, Schweitzer and Lohmann
1990, Reilly 1990, Bookstein 1991, 1993, Reyment and Abe 1995, Foote 1995, Stone 1998).
The analysis of configurations of landmarks allows the study of shape change without
decomposing it into artificial variables. There are several landmark-based methods (fig. 1)
and an updated review can be found in Zelditch et al. 2004. Concerning ostracods, there are
several studies that apply landmark methods (Kaesler and Foster 1987, Reyment et al. 1988,
Abe et al. 1988, Reyment and Bookstein 1993, Reyment 1995, 1997, Elewa 2004).

For a large number of ostracod species, however, it is not possible to identify
landmarks, or, at least, a number of landmarks large enough to make that approach feasible.
Under such circumstances there is an option: Qutline Analysis (Rohlf 1990b). Outline analysis

operates on the following basis: (1) when landmarks are not available one should record the

6



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

positions of a rather high number of points along the contour of the studied object; (2) a
mathematical function must the be fitted to such observationsin order to (3) explore
differences between shapes through the analysis of the mathematical descriptors fitted to
them. This approach includes a variety of specific methods (fig. 1), among others
‘Figenshape’ analysis (Lohmann 1983, Schweitzer et al. 1986, Lohmann and Schweitzer
1990), standard Fourier descriptors (Kaesler and Waters 1972), and Elliptic Fourier Analysis
(Kuhl and Giardina 1982, Kaesler and Maddocks 1984, Rohlf and Archie 1984, Foote 1989,
Rohlf 1995, Lestrel 1997, McLellan and Endler 1998, Baltanas and Geiger 1998).

Geometric Morphometrics

Landmark analysis Outline analysis
i -
X Palar coordinates
Transformation
1 ;
Procr% grids Complexity

— {fractal approach}
l Curvature

. {Zhan & Roskies 1972}
Finite element

Least-Squares Theta-Rho- analysis ¥

Analysis - LSTRA Eigenshape analysis
{Sneath 1967) Biorthogonal grids - {Lohmann 1983} |

v _ Fourier analysis
Resistant-Fit Theta-Rho- ]
Analysis - RFTRA . :
(Siegel & Banson 1982] Standard Fourier
analysis
{Kaesler & Waters 1872)._
F h 4

Thin-plate splines Elliptic Fourier analysis
(Bookstein 1989) {Kuhl & Giardina 1982)

h 4

Dual-axis Fourier shape analysis
{Moellering & Rayner 1981)

Figure 1: Sketch of relationships between some methods in the realm of Geometric

Morphometrics.

Course Outline

Sessions in the course will offer a close view to some of the methods mentioned above
together with exercises dealing with related aspects like ‘Data Acquisition Procedures’ and

‘Multivariate Analysis of Shape Descriptors’.
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MORPHOMATICA 1is a user-friendly computer programme designed for the morphometric
analysis of the shape of ostracods with a more or less smooth outline. The software package
(Linhart et al. 2006) with the same name is available at http://palstrat.uni-graz.at.

For the mathematical description of outline shapes MORPHOMATICA uses an original
solution, here called “the Linhart algorithm” (cf. details in the next chapter), based on a B-
spline method, a popular technique in computer aided geometric design (cf. Hill 1990) which
has been applied to morphometric analysis of human skulls by Guéziec (1996).

The MORPHOMATICA project, which started in 2001 at the Limnological Institute,
Austrian Academy of Sciences, in Mondsee, and at the Department of Mathematics,
University of Salzburg, is a spin-off of a larger project on the morphometrics of non-marine
ostracods initiated ten years ago by one of us (A.B.) and from which various publications
issued (cf. inter alia Baltanas and Geiger 1998, Baltanas et al. 2002, 2003, Danielopol et al.
2002, Sanchez-Gonzalez et al. 2004). One should see the computer programme described here
as a complement to other computer programmes using alternative approaches, like
Eigenshape analysis and/or Fourier analysis (see a review of morphometric methods used by
ostracodologists in Danielopol et al. 2002).

MORPHOMATICA and the Linhart’s B-spline algorithm have interesting features as
compared with other programmes: (1) it uses a reduced number of parameters for the
mathematical reconstruction of form; (2) one can identify the segments of the outline
described by the B-spline functions; (3) the computation is not excessively long for the
solution proposed; (4) it allows to estimate the precision with which the B-spline curve fits

the original digitised outline; and (5) it allows to produce virtual “arte—factual” outlines useful
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for various topics dealing with theoretical and/or applied morphology. MORPHOMATICA, as
other programmes do (cf. those of the Eigenshape analysis method discussed by Rohlf 1996),
suffers also from limitations: it performs badly when outlines are much angulated or very
heterogeneous. In such cases it seems that Elliptic Fourier analysis -included in programmes
like EFA - Eliptic Fourier Analysis (cf. Rohlf 1990) or MAO — Morphometrica Analysis of
Outlines, developed by one of us (A.B.), performs better.

The presentation of MORPHOMATICA is here offered in several contributions: the
mathematical part presented by W. Neubauer and J. Linhart, the programme description sensu
strictu written by W. Brauneis, W. Neubauer, A. Stracke, the practical description of creating
“tps.dig files” by A. Strake. Finally the presentation of a series of worked examples for
morphometric analysis of outlines, prepared by A. Stracke, W. Neubauer, L. Picot and D.
Danielopol, are intended to demonstrate the utility of MORPHOMATICA for descriptive work
within two research directions: comparative morphology and taxonomy (1% example),
morphological variability potentially related to ecological cues (2™ example).

One should note that the information presented with MORPHOMATICA is related to the
utilisation of other computer programmes too. MORPHOMATICA uses the digitised information
of the valve outlines captured with the programme “Tps.dig” (Rohlf 2001). We used for this
programme the version 1.43, which was downloaded from the web site
http://life.bio.sunysb.edu/morph/soft-dataacq.html. Additionally the data obtained from the
superimposition of outlines allows the computation of the amount of morphological
differences (represented by vector dimensions and Euclidean distances). This latter data is
further analysed using multivariate statistical methods. In the examples we present it is shown
how using non-metric multi dimensional scaling and/or hierarchical cluster analysis one can
visualise the data within the framework of morphological spaces. We use since several years
the computer package “Primer”, with its versions 5 and 6 (Clarke and Gorley 2001, Clarke,
K.R. and Gorley, R.N. 2001. Primer v5: User manual/tutorial. Primer-E Ltd., Plymouth 2006)
specially designed for multivariate statistical analysis. Note that there are other packages
which can be as useful as the one mentioned here. Our preference for “Primer” is due to the
user-friendly structure of the programmes, to the excellent manual produced by Clarke and
Warwick (2001).

Finally, we recommend to those interested in additional information on geometric
morphometrics the various books issued during Morphometric Symposia, like those of
Marcus et al. (1996). An excellent introductory text, which has to be consulted, is “Geometric

morphometrics for biologists, a primer” (Zelditch et al. 2004).
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For the practical use of MORPHOMATICA programme one should consult inter alia also

Iepure et al. (2007, 2008), Minati et al. (2008), Danielopol et al. (2008), Gross et al. (2008).
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1. Preface

Biological outlines may be investigated by various mathematical models. There is a
well-developed theory of shape (Zelditch 2004) for the case of sufficiently many good
landmarks. For the morphometrics of outlines with few or no landmarks sometimes simple
polygonal curves (Bézier curves) have been used (see for instance Loy 2000), but this may
lead to polynomials of rather high degree, which tend to oscillate in an undesirable way. This
is a well-known problem in many technical applications, especially in computer aided
geometric design (CAGD), where it is usually overcome by the use of splines (Hoschek and
Lasser 1993, Farin 1990).

Splines consist of several polynomial curves of low degree that smoothly fit together.
Two of the most widely used splines are Bézier splines and B-splines. These are not different
curves, but only different representations of the same curves; they may be transformed into
one another (Hoschek and Lasser 1993). In both cases the shape of the curve is determined by
a list of geometrically meaningful control points, but for B-splines fewer control points are
needed.

The name B-spline was coined by Isaac Jacob Schoenberg and it is used as an
abbreviation for basic spline (de Boor 1978, Farin 2001). The authoritative person for the
development of the theory of B-spline curves and surfaces was Carl de Boor due to his
researches at General Motors.

In the 50s and 60s of the last century the automobile industry in particular had to face
the difficulty that freeform curves and surfaces couldn't be exactly reproduced owing to a lack
of a proper mathematical description. Carl de Boor solved this problem by depicting the shape
of component parts as parametric curves, defined piecewise

by polynomials.
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As a result, the curve's shape is determined by its so-called control points or de-Boor
points, which are the vertices of the control polygon. It turned out that this way of
characterizing curves and shapes was advantageous for other fields and generalized versions
and enhancements of B-splines were developed shortly after. Representing curves and shapes
using B-splines and their further development is still employed in Computer-Aided-Design
systems. Nowadays the areas of application are manifold and diversified and reach far beyond
technical mould design and construction (Bartels 1987, Farin 2001, Hoschek and Lasser
1993).

For our task, the approximation of outline data, B-spline curves offer several
advantages. B-spline curves are invariant under affine transformations, the pixel data can be
approximated by a numerically stable and accurate algorithm and, we obtain an enormous
data reduction. The primary outline data, consisting of approximately 1000 to 1400 pixels,
can be excellently depicted by a B-spline curve determined by just 16 control points. A
further important fact to mention in advance is a property called “local control”. Thereby the
shifting of a single control point of the B-spline curve does not cause the change of the entire
curve progression but just a deviation in the surrounding of the concerning control point. This
characteristic has proved very useful for the examination of morphological structures just
having an effect on single parts of the outline.

This article gives an overview of the theoretical background of approximating B-spline
curves, following the elaborations in Bartels (1987), de Boor (1978), Hoschek and Lasser
(1993), Piegl (1995). A detailed description of the algorithm for the approximation of
ostracods’ outlines is presented in Bayer et al. (2002) and Neubauer (2007). The shape of a
carapace offers the possibility of a fast and stable computation. Moreover, the area deviation
provides us with demonstrative results for the application in palacontology since a
perspicuous graphical representation of the stated area is feasible and the output is in units of
square micrometers.

The last section deals with a method of distinguishing two populations of ostracods by

using the data of a distance matrix, which frequently finds application in biological research.
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2. B-Spline Representation

2.1. B-Spline Curves

Definition 2.1. A pth-degree B-spline curve is defined by

C(t)=> NyHP,  a<t<b
i=0
The P; are the control points, and the N;,(¢) are the pth-degree B-spline basis functions
defined by

. 1 fj w; << uyqg
Nio(t) = { 0 otherwise
AT t— Ui AT 'u'f--i-P-l-l —t AT
Nip(t) = ————N;pq1(t)+ ——————Niy1,-1 (1),
Widp — Uy Uidp+1 — Uit1

where U = (uy,...,u,,) 1s a nondecreasing sequence of real numbers, i.e., u; < u;11, i = 0,...,m-1,
called knot vector. The items u; are called knots and the polygon formed by the P; is the
control polygon.

Particularly we use B-spline curves of degree p = 2, also called quadratic B-spline
curves, for the approximation of ostracods’ outlines. Their basis functions are, already

calculated, given by

(t—u;)? AT 7. &r
[uﬁﬂ_m)){(m-’_l_?)i) ( ’ 5 for w; <t < ujpq
N . — U—Ug JUj42— U—Uj4q ) U430 S < ST
:\1-2(” (wigo—wi)(wita—wiy1) (wiga—wit1 {(wito2—wit1) for Uit1 = t < Uiy2
(uiys—t)

(wiga—uspr)(Uspa—1iya) for uips <t < uits

and N;»(t) = 0 for ¢ outside the interval [u;u;+3). In these formulas, division by zero may
occur. When this is the case, the result of the division is set equal to zero.
A common choice for the knot vector of pth-degree basis functions is setting the first

p+1 knots 0, the last p+1 knots 1 and the interior knots equally spaced;

{7y = ) = ... = ”1" =)

J=r ..
i = for j=p+1.....m—p—1

m—2p

Up—p = e = Uy = 1.
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This so-called uniform knot vector has, referring to our application with p = 2, the form

1 m—>5
U =10,0,0, - S, 11}

As an example, for n = 6 the basis functions of degree 2 generated by an uniform knot

vector are depicted below (fig. 1).

0.4 F

0.z 0.4 0.6 0.5 1

Figure 1: The nonzero second-degree basis functions generated by a knot vector U =

(0,0,0,1/5,2/5,3/5,4/5,1,1,1).

To give an introductory idea of B-spline techniques we contemplate the following
example. Let U be a uniform knot vector as defined in the equation above, p = 2 and the set of
control points

(P;} = {(~1.0),(=0.9,1),(—0.2,1.3), (—=0.5, —1), (0.7, —1), (0.1,0.5), (1, 1)} .

Figure 2 shows the resulting B-spline curve.
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Figure 2: B-spline curve using the conditions of the example above.
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Below a number of properties of B-spline curves following mostly from the definition

2.1 are given.

Property 2.2. Endpoint interpolation: C(0) =Py and C(1) =P,.

Property 2.3. Affine invariance: An affine transformation, including translation,
rotation and scaling, is applied to the curve by applying it to the control points.

Property 2.4. Local support: Moving P; changes C(?) only in the interval [u;u;+,+1)
(fig. 3). This follows from the fact that N;,(¢) = 0 for ¢ & [u;,u;+,+1), since N; () is a just linear
combination of N; o(%),...,Ni+p,0(f) (see definition 2.1) and those zero-degree basis functions are

0 outside [tsm Uitm+1), m = 0,...,p. The triangular scheme illustrates this fact for the basis

function N (7).

Nio

—~\Vl R *\VQ 0 ‘\TZS 0
Ni(?) is a combination of N o(f), Na2o(f), and N3 (). Thus, N, (¢) is nonzero only for ¢ €
[ul,u4).

Conversely, in any given knot span [u;u;+1) at most p+1 of the N;,(#) are nonzero,

namely the functions N, ..., N, p.
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Figure 3: A curve with degree p =2 on U = (0,0,0,1/6,2/6,3/6,4/6,5/6,1,1,1); moving P4 to P4
changes the curve in the interval [2/6,5/6).

25



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

Moving along the curve from ¢ = 0 to # = 1, the functions N, ,(¢) act like switches. As the
parameter ¢ moves past a knot, one N;,(f) and the corresponding P; switches off and P,

switches on.

Property 2.5. The B-spline curve tangents each segment of the control polygon.

2.2. Approximation to Outline Pixel Data with B-Spline Curves

In this section we study the construction of B-spline curves that should fit a rather
arbitrary set of geometric data, such as pixels of an ostracod's outline, following the
elaborations in Hoschek and Lasser (1993), Piegl (1995), Bayer et al. (2002), Deuflhard and
Hohmann (2002). The aim is to construct curves that do not necessarily satisfy the given data
in an exact way, but only approximately. In some applications - such as ours - a large number
of points is generated, which can contain measurement errors or computational noise. In this
case, it is important for the curve to capture the “shape” of the data, but not to “wiggle” its

way through each single point.

Given is an array of sequenced pixels {Qx}, £ = 0,...,/, which we want to approximate
with a second-degree B-spline curve. If we assign a parameter value # to each pixel Qy, and

select the knot vector U = (uy,...,u») to be uniform, we can set up a system of linear equations
Qk- =C (h) = Z i?\ri.p (tr) Pz
i=0

with /+1 equations, where the control points P; are the n+1 unknowns. The choice of the
parameter values #; enormously affects the shape of the curve. An adequate method provides
the chordal parameterisation. It assigns the parameter values #; proportionally to the total

length of the outline. Let d be the total chord length
1
d=5"11Qk - Qi
k=1

The parameter values are given by

fh = 0
i 1Qr — Qr—1]| L

ol

t = 1t =1,...,0—-1

tp = 1.
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Typically, it is necessary to find a B-spline curve approximating a large number of
points. In general, the number of pixels / to approximate is much higher than the number of
desired control points n. Hence, the system of equations is overdetermined and we will not get

an exact solution.

The best way to overcome this difficulty is to solve the system in the sense of
minimizing the sum of the squared differences between the given set of pixels {Q;} and the

appropriate values of the B-spline curve C(#),

{ I i

SNC ) — Qul* =D 11D Niy (k) Py — Q> — min.
ke

k=0 =0 =0

There are manifold possibilities to get a solution for this least square problem. A
numerical stable computation of the minimizing problem results from the pseudo-inverse
matrix gathered from the singular value decomposition of the system matrix (see Deuflhard
and Hohmann 2002, Hogben 2007, Strang 1998). This method is implemented in

MORPHOMATICA to approximate outlines.

3. Implementation of the Formal Methods to Ostracod Outlines
3.1. Data Structure

A photograph of an ostracod’s valve is taken under a microscope. Afterwards, the so-called
Tps-dig (Rohlf 2001) saves the outline in a data set. This program creates a file with the pairs
of coordinates of the outlining pixels of the picture. Also other information, such as potential
landmarks and the file name of the picture, is saved in this file. The illustration below

schematically shows the structure of such a file.
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LM=0
OUTLINES=1

POINTS=1387
630 78
631 79
631 80
632 81
633 82
627 74
627 75

628 76
629 77

IMAGE=J001.tif
ID=J001

The file describes an outline with no specified landmarks (LM = 0) and one contour

(OUTLINES = 1) with 1387 pixels (POINTS = 1387).

3.2. Centre of Gravity and Axes of Inertia

The positions of the valves on the pictures vary widely and the tps-files do not tag any
basing points. Nevertheless, a meaningful comparison of two valves should be independent of
alignment and position in the picture. Therefore, to compare the shape of two outlines, they
first have to be superimposed. Ideally, this should be done in such a way that the “difference”
between them is as small as possible. But this would be a very difficult task, so we choose to
position the two outlines in such a way that the centroids and the main axes of inertia
coincide.

The structure of the tps-data suggests computing the centroid based on the pixels using

the arithmetic mean of the coordinate vectors of the points Qy, that is

S:

—] =

I
:g: Clk.
k=0

But this is the centroid of these points and not of the whole outline. Consequently, this
only makes sense if the points are distributed very uniformly. If parts of the outline are a little
bit rugged or jagged, there will be relatively many points Q concentrated in these parts and S
tends to move towards them. So the centroids of two very similar outlines may be rather

different, if only one has some rugged parts. Figure 4 illustrates this difficulty.
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—

Figure 4a: Centroid and main axes Figure 4b: The origin now is the centre of
computed with the outline points. gravity of the domain and the axes

correspond with the main axes of inertia.

This is why the above centroid should be replaced by the centre of gravity of the domain

A surrounded by the given outline. This centre is defined by

1
S = (sa.8y) = ff (z,y) dzdy,
A

a /),

where s, and s,, denote the coordinates of S, and a is the area of the domain A. It turns out that
S can be computed in the following rather simple way, if x; and y; denote the coordinates of
Qy, and the points are given in counterclockwise order,
1 S 2 2
Sy = —a (3;':'.+1 — ya) (‘t‘i+l + Lili41 + ‘Iz) .
=0

s, is computed in a similar way with x and y interchanged and the whole expression multiplied
by -1. Of course, (x;+1,1+1) 1s understood to be equal to (x1,y1).

Analogical to the centroid, the axes of inertia should also be calculated not only for the
points, but for the whole outline or, more precisely, for the domain surrounded by the outline.
The moment of inertia with regard to a certain axis (passing through the origin) is defined to
be the integral of the squared distance from this axis, taken over the considered domain. It
may be computed in a similar, but somewhat more complicated way as the centre of gravity
above.

If the moment of inertia is not equal for all directions of axes, there is a unique direction,
which yields the minimum moment, and this is taken to be the new x-axis. This direction is

given by an eigenvector of a certain 2 by 2 matrix and thus it is not difficult to compute.
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The new y-axis is, of course, perpendicular to the new x-axis and corresponds to the
maximum moment of inertia.

Finally, we have to define a congruence transformation f, which moves the points of the
contour as mentioned above. Shifting S to the point Y = (0,0) and rotating the vectors E; =
(e11,e12), specifying the axis with minimum moment of inertia, and E, = (e2;,e2,), specifying

the axis with maximum moment, to (1,0) resp. (0,1) can be done by a transformation

[(X) = ( i )(X-S).

€21 €22

Applying this transformation to each point moves the contour into the desired position.
3.3. Approximation to Contour Data

To prepare the point data for a good and meaningful approximation, it is necessary to
divide the contour into two halves. If the B-spline approximation is applied in a
straightforward way to an outline, it may happen that two very similar outlines lead to rather
different control points. This is the case, for instance, with the two artificial elliptical outlines
of figure 5. One should note that this phenomenon occurs due to the fact that moving the
control points simultaneously in a suitable way around the curve has only little influence on

the shape of the curve.

Figure 5: Two rather similar elliptic outlines with different control points.

To avoid this problem, we cut the outline in two pieces and approximate each half
separately under the condition that the resulting curves fit together.

After the standardisation this can easily be done by using the x-axis as dividing line.
Concretely, all points P; = (x;,y;) with x; > 0 will be assigned to the dorsal region and all points

with x; < 0 to the ventral region. Therefore we must assume that the contour crosses the x-axis
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at most at two points, what is usually the case for ostracods’ outlines (fig. 6). Hence there are

only two pairs of consecutive points in the contour where x; > 0 and x;+; <0.

We pass a line through these points, determine the intersection points with the x-axis
and add them to the contour. These intersections will be the starting and end points of the

approximating B-spline curves.

Figure 6: Ostracod contour after standardisation.

The outlining points of the respective region get numbered consecutively clockwise and
are approximated by a B-spline curve of degree p = 2 with a uniform knot vector and
parameter value gathered by a chordal parameterisation. The procedure is explained in
sections 2.1 and 2.2. Figure 7 plots the contour data of an ostracod with its approximating B-

spline curve.
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Figure 7: Ostracod contour approximated by a second-degree B-spline curve and its control

polygon.
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However, this approximation scheme does not bring an optimum result. A better
solution can be achieved if the vector C(#) - Q;, # indicating the corresponding chord length
parameter of Q;, is perpendicular to the curve. Therefore we alter the parameter ¢ iteratively
by adding a value A;until C(¢;) - Q; is roughly perpendicular to the tangent C’(#).

The comparison in figure 8 shows the desired result. After 6 iterations the

approximating B-spline curve approaches the contour data in an observable better way.

Figure 8a: Before adjusting the parameter. Figure 8b: After 6 iterative steps a better
approach is guaranteed.

To compare biological aspects of ostracoda it is sometimes useful to adjust the sizes of

the standardized outlines. This is essential for comparing, e.g., ostracods of different age.

Transforming the control points of the B-spline curve in such a way that the end points
Py = (x0,0), P, = (x,,,0), lying on the x-axis, get the coordinates Py = (-1,0), P, = (1,0) is one
possibility. This method has one slight shortcoming. The centre of gravity shifts out of the
origin, what can cause difficulties if the contour is rather anomalous or pear-shaped.

We obtain a better solution if we use a transformation

s(X) = VaX,

where a is the ratio of the areas a;, a; enclosed by the B-spline curves,

[Z5]
a = —.
[

This method keeps the centre of gravity in the origin and guarantees a better

comparability.
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4. Distinguishing Outlines

4.1. Distance of the Corresponding Control Points

At first sight, the following concept of a distance between two B-spline curves seems to
be quite natural.

Definition 4.1. Let C, D be two B-spline curves with control point sequences P,,...,P,
resp. Qo,...,Q,. We define the distance between C and D as the square root of the sum of all
squared Euclidean distances between the corresponding control points divided by the number

of control points

SR - Qi
=0

Defining the difference between two B-spline curves in this way has a number of
coherent reasons. First of all, two superimposed B-spline curves are identical if their
corresponding control points coincide. Property 2.3 (Affine invariance) implies that a
translation or rotation is applied to the curve by applying it to the control points. Both indicate
a reasonable measure. A further evidence provides the attribute that the control polygon
represents a kind of approximation to the B-spline curve. So, to some extent, the control
points describe the shape of the curve (cf. Baltanas et al. 2003).

A further advantage of distinguishing B-spline curves by using the distance of the
corresponding control points arises from property 2.4 (Local support). A single control point
takes effect just on a part of the B-spline curve. By measuring the Euclidean distance of two
corresponding control points we should be able to determine whether the respective regions
differ significantly or not.

Moreover, our measure d is of special interest for users from the field of biology or
palaeontology, since it is a tangible, intelligible and easy to visualize tool. The computing
time is extremely short and the approximation of the outline pixel data generates a unique
sequence of control points. Their distances may have an explanatory power of the difference
in the curves shape.

Nevertheless, the computation of the difference of two superimposed B-spline curves
with the measure defined above has some shortcomings, which are discussed in this section.
At first, this distance function does not induce a metric. This is easy to comprehend by

imaging a B-spline curve whose control points are located on a straight line.
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The resulting B-spline curve corresponds with this line. After moving one or several
control points along the line, our measurement d gets positive, but the B-spline curve is still
the same line.

Additionally, the measure d only considers the magnitude of the difference vector
between two corresponding points, but not the direction. To comprehend the effect of shifting
a control point, we examine the following testing arrangement. Let P,,...,P4 be control points

put on a semicircle of radius 1 in uniformly distributed angles, that is

Po = (—1,0) Pl:(—l 1) Py — (0,1) sz(; L) P, = (1.0).

V2 V2 v2' V2
By selecting various vectors V; with the same length ||V}|| = a for all j and adding them
to control point P,, we obtain a B-spline curve Cj(¢) for each vector. Owing to the measure

defined above,

. - )2
i(c.c)y = X S|P
n i=0
1 2
- e

o

|

for any vector of length a, although, intuitively speaking, some of the curves deviate much

more from C(¢) than others (fig. 9).

Y

Ve 7\ / N/
foN N NN

Figure 9: The primal B-spline curve (red) and various B-spline curves (blue) generated by

adding different vectors with the same length to a control point.

This difficulty is of particular importance if we adjust several control points. Each point
of the curve is determined by at least 3 control points (for degree > 2), see property 2.4.
Thereby, neighbouring control points can be positioned in such a way that an almost identical
curve emerges. Figure 5 shows this effect. The left B-spline curve results from the right curve
by rotating the control points by 30°. It is obvious, that both curves are nearly similar, but our

difference measure yields a high value of dissimilarity.

34



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

4.2. Area Deviation

The B-spline curves we use to approximate ostracods’ outlines feature some ‘“nice”
characteristics. We want to use these characteristics for computing a demonstrative and
tangible measure to distinguish contours. Our approximating B-spline curves have no loops,
self-intersections or other anomalies. We obtain solely so-called simply-closed curves given
by

Definition 4.2. A curve C(¢), ¢t € [a,b], in the plane is called simply-closed if it has no
self-intersections,

C(ty) # C(tz) for t1 £ ta, t1,t2 € [a,b],
and the endpoints coincide,
Cl(a) = C(b).

Accordingly, a simply-closed curve C constitutes a bounded part of the plane A4
surrounded by the curve. 4 can also be seen as the interior of C. To distinguish two simply-
closed curves C and D with their interiors 4 and B, we consider the area of the part of the
plane, which is contained in exactly one of the domains 4 and B and may be viewed as the
area “between” the outlines. This corresponds to the area of the symmetric difference A A B,

which is called the area deviation of 4 and B, illustrated in figure 10.

=N

Figure 10: The light blue area is the area deviation of two superimposed simple-closed B-

spline curves.

The area deviation offers several advantages for the use in ostracodology. This
common and very natural measure is demonstrative and tangible; the resulting differences are
in square micrometers, what doubtless contributes to a better conceivability. Furthermore, the

measure is rather inured to possible data errors and measuring faults.
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As mentioned above, ostracods’ outlines feature a good characteristic for a fast
computation without difficulties. In general, the approximating polygons are not convex, but
the angles between the x-axis and a straight line from the origin to the vertices are in
ascending order. This fact makes it possible to reduce the number of computations for
possible points of intersection substantially.

Every specimen is approximated by two open B-spline curves describing two regions, a
dorsal and a ventral one, fixed by the main axes of inertia with the minimum moment. To
calculate an approximative value for the enclosed area “between” the B-spline curves of two
specimen-halves, in the present implementation 51 points on each curve, corresponding to
equally spaced parameter values, are computed. We denote them with C; for the first curve
and D; for the second (ij = 0,...,51). This yields a polygon with 50 line segments substituting
each B-spline curve, with §; = C,C;;+; denoting the segments of the first polygon and 7; =
D,D;+; denoting the segments of the second.

To evaluate the area deviation, the points of intersection of the two superimposed
polygons are of importance. In principle, it would be necessary to determine the points of
intersection of each segment of the first polygon with each segment of the second polygon,
what requires 50 x 50 = 2500 comparisons for each specimen-half. This goes beyond the
scope of a tolerable computing time.

To accelerate the process, the cotangent cot(@) = x/y is assigned to every vertex C; resp.
D;. For this purpose, let ¢; be the angle between the x-axis and the vector OC;, pointing from
the origin to the vertex C;, and y; be the angle between the x-axis and the vector OD);. If the
cotangent values are in ascending order, this means

cot (¢;) < cot (pit1)
and
cot (45) < cot (y41)
we can confidently assume that points of intersection on a segment S; can only be possible for
segments 7; where
cot (17541) > cot (i)
and
cot (1) < cot (@it1),

see figure 11.
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y-axis

x-axis Origin

Figure 11: For possible points of intersection of the segment S; only the segments 7; and 7T},

of the other polygon are worth considering.

Usually, a segment of a polygon has to be compared with 2 or 3 segments of the other
polygon. This makes it possible to reduce the number of comparisons to about 150 as opposed
to 2500 mentioned above.

Due to the structure of the algorithm certain outlines of specimens cannot be treated. As
described above the cotangent-values of the successive vertices of the spline-approximating
polygon must be in ascending order. In other words, the B-spline considered as a clockwise
directed curve must not change its direction (viewed from the origin). As a rule, such shapes
occur only in faulty datasets. To get a general idea of such uncalculable shapes, a couple of

exemplary specimens with their approximating B-splines are indicated below.
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Figure 12: Examples of uncalculable outlines (black) and their approximating B-spline curves

(red).
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The distinction of ostracods using the area deviation is implemented in the current
version of the program MORPHOMATICA (Linhart et al. 2006) and a brief documentation of the
algorithm was introduced for the first time by us in Minati et al. (2008).

The program additionally offers the possibility to distinguish the valves by examining only

the dorsal resp. ventral region.

5. Classification of Populations

In many fields of ostracodology a comparison of whole groups or populations of
ostracods is wanted and necessary. In the following a measure for the dissimilarity of two
populations is explained, which is proposed by one of us (J. L.). It is supposed that for any
two individuals a kind of “distance” is available. So let P = p;,..., »and O = qy,...,qm be two
populations and d a distance defined on P U Q. The dissimilarity index of P and Q is then
defined by

L s(P,Q)
liss(P, Q) = nm ' —,
diss(P. @) Ls(P)+ Ls5(Q)
where
S (P. Q) = Z Z d (pi.e qfr-)
1=1 k=1
and
n—1 n m—1 m
s(P):= Z Z d (pi.pr) . s(Q) = Z Z d(gi,qr) -
i=1 k=it1 i=1 k=i+t1
Some essential properties of this dissimilarity index are:
1. diss(P, Q) only depends on the distances d(x,y) withx,y € P U Q.

2 diss(P,Q) is invariant to scaling transformations.

3. diss(P,Q) =1if P = Q.

4 If the underlying distance d is a so-called hypermetric (see Kelly 1970),
diss(P,Q) is always > 1. The area deviation (cf. chapter 4.2) is a typical example for a

hypermetric (see also Kelly 1970).
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The dissimilarity index of P and O may be viewed as the ratio of the average distance
between individuals of different populations to the average distance between individuals of
the same population. Perhaps this becomes more clear if the denominator of the expression
defining diss(P, Q) is written in the following form:

w25 (P) + s (Q)

2

At first sight, it seems that here n*/2 should be replaced by n(n-1)/2, since this is the
number of distances within the population P (and analogously for Q). But then the value of
diss(P,Q) would be smaller than 1 for P = Q, which does not make sense. Intuitively, one
might think that to a certain extent also the distances between identical individuals (which are
of course equal to zero) should be taken into account.

For several purposes it will be more convenient to consider the natural logarithm of the
dissimilarity index,

Indiss (P, Q) .

which yields a value in the range [0,o0) instead of [1,00).

The current version (1.6) of “Morphomatica” creates a “resemblance matrix” with
entries representing the pairwise distances given by the area deviation. Table 1 shows a
resemblance matrix comparing the valves of respectively 8 specimens of the species
Pseudocandona danubialis from Ada-Kaleh (fig. 13) and Pseudocandona eremita from Astileu
(fig. 14), both localities in Romania. The data and pictures originate from a comparative study
of Iepure et al. 2007, investigating the morphology of valves belonging to populations from

Romania.

Figure 13: Lateral view of female valves belonging to the species Pseudocandona danubialis

from Ada-Kaleh.
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Figure 14: Lateral view of female valves belonging to the species Pseudocandona eremita

from Astileu.

Computing the above dissimilarity index for the Ada-Kaleh and Astileu populations

(resemblance matrix table 1) yields

n—==a m=28&
s(FP) = 869.2 s(Q) = 454.56
s(P,Q) = 3412.04
and
diss (P, Q) = 258,
Indiss (P, Q) = 0.947.
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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).
? UnterfeldstraBe 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 algorithm 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 al., 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 a new MORPHOMATICA document

- Insert a specimen from a file and how to work with it

- Calculate 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 computational 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 - displays its 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 §" =10 x|

File Specimen Cluster Wiew 7
DSE & 2|

=B Specimen
. [ candida 10 I4m-f-vq.TPS

=B Cluster
@ candida 10 4m-f-vg, TPS -0
“ [ protzi 3 ZWEm-m-vg, TPS - 1

Murber of terations: B0 N

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 alternatively 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 2.mmd - Morphomatica g:\ =10l x|

File Specimen Cluster Wiew 7
D=l & ?)

=B Specimen
: [E candida 10 I4m-F-vg. TPS

1 M
-[3 protzi 3 ZwEm-m-vg. TPS
B Cluster ™ b3

n m

-[A candida 2 SMEm-F-vg. TPS - 2 1 W
7 03y
) G ﬁ z
V] 0 | ] i

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 looks 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, a file format 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 allows you to select one ore more files at

the same time:

2lx
Suchen in: Ia Testdaten IV j &= EF =-
I E candtesti1 30722). TPS Grosil{0S4RY)2
Grosil{LYOSs)2
Grosil{LYOSE)E
Grosil(LYST)2

0Olt1 dac( 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]

=B Specimen

SERandida 10 I4m-f-vq.TPS
~[@ candida 2 SMam-F-vg. TPS
~[E candida 3 SMam-F-vg. TPS
~[E candida 4 SMBm-f-vg, TPS
-3 neglectas GFzm-m-vg.TP3
~[@ protzi 3 Zwsm-m-vg.TPS
& 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: Basically, a rotation and translation 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 file information 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

dialog, immediately followed by the file type. Additional information of the outline is

displayed as well.
d =
File | Statistics I Graphics | Info I File: Statistice | Graphics I Infa I
—File of specimen r Tranzformation
Filename: N ETENEY ndida 10 1dm-f-vg TPS ¥ Transform the cortour poirts
Filetyp: Thirplate Spline — Specimen
Area |529239 053
r— Cantur of specimen
— Centraid
Number 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
Identifier: I Second main axes: |>< =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 data file.

48



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

Settings for 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

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

are shown:

x| It is possible to change the following options:

Specimen

File IStat\stics Graphicsllnfo I

- Draw centroid: If the check box is activated, the

r— Graphic:
¥ Draw centraid ¥ Draw coordinate spstem CGIltI'Old Of the SpeCImeIl IS marked.

[~ Draw boundingbox

- Draw bounding box: The bounding box

[ Draw main aves

Gt enclosing all points of the outline of the

Contur; Chi lor... . .
o HE Croocoie | specimen, as well as the coordinates of the corner

 Contur

points of this rectangle are displayed.

I~ Enumerate the points

Take sach rth point only: |60 =l . .
e esehnh pait ank = - Draw main axes: Selects, whether the main axes

¥ Diraw line betwesn adiscent poirts

of inertia are drawn or not. This option is useful

ok I Abbrechen | Ubemehmenl

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 morphological data X
File I Statisticsl Graphics Info |
—Histony
Not only the imported outline of a specimen can be Sex | [
saved in a MORPHOMATICA document, it’s also possible Sz | =l
to specify additional morphological data. ~Source
Lacality:
For this, choose the menu item Specimen - = [Usri
Mame ar label:
Properties and in that dialog the page Info.

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 Calculate. ..
Delete
Propetties.. .

Expaort ko Image File. ..
Export as TRS File ...

: - arc?.tps
&3 Cluster

[——1]

100 microns

Coordinates | WUM [ 2
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Parameters for the approximation

In the up-coming dialog, several parameters for the

approximation can be varied.

It is possible to specify the number of control points  -Paans sanection
to be calculated and the number of iterations for the

parameter correction to be applied.

Approximation

— Control point:

Pararns | Statisticsl Graphicsl Cantral pointsl

MNumber of control points: IE _I::l

¥ &pply params corection

Number of iteration steps: IB _I;

Next, the approximating B-splines are drawn over

the outline of the specimen. Additionally, the control

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

oK I Abbrechenl Ubemehmenl

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

File Specimen Cluster Wiew 7

=10l x|

DSE & 2|

=B Specimen

[ESRE § -=ncida 10 [4m-f-vg. TPS
~[@ candida 2 SMam-F-vg. TPS
~[@ candida 3 SMam-F-vg. TPS
~[@ candida 4 SMam-f-vg. TPS
~[E neglectas GFZm-m-vg. TPS
~[E protzi 3 Zwam-m-vg. TPS
=& Cluster

Ready

d4 a3

O
W2

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

214,187 [ MM [ g

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

to its file name in the tree view.
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Statistical data of the approximation

The calculated approximation values are listed in

the property page Statistics too.

There it is also possible to select, whether the error

values are to be displayed in the specimen view or not.

Settings for the graphical representation of the B-splines

As with the representation of the outline of a

specimen, there are several options for the

representation of the approximating B-splines, which
are accessible under the menu Specimen -
Approximation - Properties. After selecting this menu
item the following options are display in the property
page Graphics. It is possible to vary the following
options:

- Draw spline: 1If this check box is

activated, the control points are drawn

Approximation 1[
Params Statistics | Graphics | Control points
—Display
¥ Display mean an maxium eror
[ Mark maximum error
—Ermar
Maximum errar: |4.24D dorsal / 5.072 ventral
Mean emar: ID.EDD dorsal / 0.912 ventral
ok I Abbrechen [berriehmen
Approximation 1[

Paramsl Statistics  Graphics | Control points

—Splin

¥ Draw spline
Color: - Choose color... |
— Contral polygon

¥ Draw polygon

— Contral paint
V' Mark points
¥ Index the points

I Display coordinate values

ok I Abbrechenl Ubemehmenl

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 - . .
F‘aramsl Statlstlcsl Graphics Control points |

via the menu item Specimen - Approximation -  coinsesst o pois
Numberl Contur | * Eoordl N Eoordl -

Calculate. [ vertrd 533 402588 0.000000
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
3 dorsal -360.851559 236.238266 .
7 Arrzal RO 1N992 Q2 QA1 7N
4| T »

ok I Abbrechen | Ubemehmen |

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 a recalculation 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-E:

File Specimen Cluster Wisw ¥

DSE & 2|
=B Specimen
[} candida 10 I4m-Fq.TPS d4 a3

--[3 candida 2 SMam-f-vg, TPS
--[3 candida 3 SMam-f-vg. TPS
-3 candida 4 SMm-f-va. TPS
-3 neqlectaS GF2m-m-va.TPS
-[F pratzi 3 Zwam-m-va.TPS 4

&
--[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: |8

- [@ <Mean Specimen > - 4
‘' - Coordinate: [236.238 _I;

'
0K | abbrechen |
5 v

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 Coordinates UM
A

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.

I =[5

“# Candoninae-Exercise Z.mmd - Morphomatica

File Specimen Cluster Wiew 7
D=l & ?)

=B Specimen

t m 43
--[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

o . :
w2 w5 B
Mumber of lterations: B =
Wean Errar. 0.500 (0.05%) dorsal f0.812 (0.09%) ventral 100 micranz
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 several

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
B candida 3 SMAmivg 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 several 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 SMam-f-+q.TPS
candida 3 SMam-f-+q.TPS
candida 4 SMam-f-vq.TPS
neglectas GFZm-r-vg. TPS
protzi 3 ZWEm-m-vg. TPS

ter

candida 10 I4m-f-vg, TPS - O
candida 2 SMam-f-vg.TPS - 1
candida 3 SMam-f-vq.TPS - 2
[ pratzi 3 Zwam-m-vg. TPS - 3

@ @ [ [ [

LU
)
g

mmm

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]
=B Specimen
-[B candida 10 I4m-f-va.TPS
~[E candida 2 SMBm-F-vg. TPS
~[3 candida 3 SM&m-F-vg, TPS
- candida 4 SM3m-f-va, TPS
-3 neglectas GFzm-m-vg.TP3

i o[ protzi 3 2wEm-m-vg . TPS
=@ Cluster

[ candida 10 Mm-Fvg.TPS-0
- [@ candida 2 SM3m-f-vg.TPS - 1
- [@ candida 3 SM3m-f-vg.TPS - 2
- [F protzi -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 as reference

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 a blue “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

recalculated and actualised in the cluster view.

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

D d| & 7]
=B Specimen
: [E candida 10 I4m-F-vg. TPS
[ candida 2 SMam-F-vg. TPS
[ candida 3 SMam-F-va. TPS
[E candida 4 SMSm-f-va, TPS
B neglectas GFzm-m-vg.TPS
[ protzi 3 Zwsm-m-vg. TPS
=& Cluster

[ candida 10 Mm-Fvg.TPS-0
- [@ candida 2 SM3m-f-vg.TPS - 1
-[3 candida 3

Marmalised (Area)
DeltaVecScale: 2.80

Mumber of lterations: &

Ready Coordinates l_ LM l_ A

Settings for the cluster approximation parameters

If you need to change the parameters of the cluster, select the menu item Cluster -
Properties. You can set the parameters for the approximation (of all specimens in the cluster)

in the upcoming dialog (like before in the approximation for a single specimen).

Approximation i 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 allows 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 specimens fit together.

o Normalize for area: The specimen approximations are transformed, such that
all 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).

Settings for 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

sheet.

Approximation

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.

Settings for the print parameters

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

item Cluster - Properties.

Approximation i ll

Params | Graphics Plint\ngl

— Pen'width:

Specimen: =

Delta Vectors: |1 _Ij

— Calor Optians: — Infarmation:

€ 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 vectors in 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 Spedmen Cluster ‘iew 7
T EIETE
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 CandiMosb(130722),7ps |3 CandiMadb{130722).TPS 0,00 0.00 0.00 0.00 [
B c-r-F114Mata. tps 4 Ikocypris brady.i.TP.S. 80,79 50.41 30,37 66,69 5
B fipC-n-FISAREZ. tps 5 Leucocythere m!rab!\!s L¥m 1-F.t|?s 133,93 104,83 29,09 67,27 5).
6  Leucocythere mirabilis mean speciman 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
~[B candjny130722,TPS - 2
PS
B Iyacypris bradyi.TPS - 4
~[B Leucocythers mirabilis Ly
B Leucocythere mirabilis me
K I | KN S—| L]
- Ready Coordinates I_WI_ &

The meanings of the column headers are as follows:
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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.

Area dorsal: Area total applied to the dorsal region only.

Area ventral: Area total applied to the ventral region only.

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

Mean Delta: Is the sum of the delta lengths 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 Delta-Quad.: Is the 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.: Ts the square root of the Sum Delta-Quad divided by the number of

control points.

- Remaining columns:

v...ventral).

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 c¢). Open in Excel a

new file and click Insert.

|

b

Coordinates of the calculated control points (d...dorsal,

[= JibleaHotarele -Morphomatica 1.6 bety — J® [IE]]
File Specimen Cluster View 2
DR & 2|
=& 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 J4434B.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 Cnpy sheet 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
SFHotatel.tpe 4 Ja43Mdlps 2907 1455 12.96 2202 20734 338602 | 70590 /000 | 668.23/123
B EFHotarele tos 12 BFHolaigletps  40.73 2408 1888 6235 30207 5281.08 705.25/0.00 EE568/119,
P 13 7FHotareletps 41,32 2144 17.36 5290 27777 735229 708.36/0.00 | 663.95/117,
B 7FHotarele.tps 6  J443/B.lps 4286 204 18.40 3702 29434 666291  707.83/0.00 | 664.78 /124,
[ BFHotarele.tps 14 BFHotareletps 46,65 27.31 2160 B6.07 34567 1193591 70577 /0.00 6E5.10/118,
B J4431 tps 8 FHotateletps 4761 2560 2038 5360 32608 1048360 71152/000 686.09/116
B J44542.ps 7 JA43471ps 77 2345 2102 411 33626 879872 716.18/0.00 | 672157120
B J44363ps 11 SFHolarisletps | 48,33 2570 21.26 5987 34012 1056550 704.21 /0.00 660.90/118
B 14494410 15 1FHotaeletps 6257 2599 21.42 6308 34270 1080871 70849/000 68915/ 118
"B iS5 o 9 3FHolaeletps 56,44 6.9 246 6670  359.31 11624.75  716.38/0.00 | 675.04 /118,
tp 10 dFHolareletps  57.12 2.3 23.05 66.08  366.78 1195134 717.90/0.00 67555/117.
B J4436.1ps 5  J4495.ips £1.36 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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- Area total: Evaluates the area between two approximating B-splines.

- Area dorsal: Area total applied to the dorsal region only.

- Area ventral: Area total applied to the ventral region only.

- Mean delta square: Is the square root of the sum of all 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 ?

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 is Area total
[ Lirn . 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 values is printed out.

*= Unbenannt - Morphomatica 1.6 beta ; i =]
File Specmen Cluster View 7
Dz HE|Z| 2|
=& | | Specimen [z | 3 | & [ = [ & [ 7
- [B Trajancypris clavata. T Trajancypris clavata, TPS 0.00 15725 104,35 128.62 13892 137.66 134.5¢
[ Candona candida, TPS Candona candida, TPS 157,25  0.00 140,21 207.60 223,28 Z10.48 218.3:
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
B L th itabili Leucocythere mirabilis LY m Mo47-27B.kps 137,66 21048 79.55 5228 4741 0.00 23.26
Bl Leucaeytnere mirabils | 1) o cocythere mirabilis L m Mo47-29B1, tps 134,54 21831 9542 3643 3106 2326 0,00
Leucocythere m"ab_'l's Limnocythere sanctipatricii LY F Mo41-28 1.tps 11865 15561 47.30 81,29 7988 6857 7300
[ 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
Limnacythere sanctips Limnocythere sanctipatricii LY m Ma47-26E.kps 13344 202,48 122,17 4785 7036 81,32 7711
Limnocythere sanctips modified Leucocythere mirabilis L m Mo47-2961.tps 11330 176,43 51.20 7243 7535 43.03 5304
- Prionocypris zenkeri, TPS 117,32 13259 9466 186,11 186,71 152,83 167.3
dified L th
Moclies LELFacyeTE | | Pseudacandana albicans. TPS 157,85 10055 L16.68 17574 196,41 18334 19040
[ Prionocypris zenkeri, T
- [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

- [ Limnpcvthere sanctioe =
| | »i < | |
Ready Coordinates ,_ LI ,_ v
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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.

As arule, 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 elete kn | Area kotal | Area dorsal | Area venkral | Mean Delta-Square | Mean C
@ ol Pronerties... 17(160722).TPS 45,13 20,03 25,10 32,85 E
i ke urninal 130722, TPS 76.23 40.42 35.81 43.08 31
S K et I130?22 RS 0,92 0.45 0,47 0.29 i
~[F cand; . . . 3 3 3
B Cand Calculats Mean Spscinen & oy 50755) Tps 0,00 0.00 0.00 0.00 (
ris bradyi, 0 b b b 1
B oo IR is bradyi, TP 50,79 50.41 30.37 66,69 5
B finc. " Diepiay Satmens there mirabilis LY m 1-F tps 133.93 104,83 23,09 67.27 5
B 1|D pl s i there mirabilis mean speciman m.tps 126,65 97.94 25,71 63.10 5!
ol w Display Coordinates. ..
-~ Leun Display Differences 3
@ Leuce
SNE T Export to Data File. ..
=B Cluster Export bo Image File.. .
@ OkGrosi7{160722).TPS - 1
B C.kiefMluminal130722. TP
B candjing130722,TPS - 2
SAE-¥ andjliooh( ), TPS|
[ Iyocypris bradyi TPS - 4
[ Leucacythere mirabilis Lt
B Leucacythere mirabilis me
N L | N i
Coordinates | MUM |

In the upcoming dialog, you have to specify a file 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 |

You can check the output before printing with the menu item File - Print Preview.
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‘& Candoninae-Exercise 2.mmd - Morphomatica i o ﬂ
Drucken... | Machste | Worherge | Zwsi Seitenllw {eikieinem |

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

o4 a3

-
1| »

' : |
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 MORPHOMATICA document

A MORPHOMATICA - document can. be 20
Speichermn Ia Testdaten =]+ =k B

save with the menu item File - Save.

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

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

format). |
) Dateiname: Candoninae-E ze 2 i Speichemn
Dateityp: Filetyp torphomatica [ mmd) ﬂ Abbrechen |

4

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

user is informed 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 TPS file).
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From the photography to the digitalized outline suitable for
MORPHOMATICA

Anika Stracke'

"Heinrichstrasse 55, A-8010 Graz (E-Mail: anika boriss@yahoo.com).

Below is presented a technique that we used successfully at the Limnological Institute in

Mondsee during the last years. Various amendments to this procedure can be applied.

For digitising the valve we first insert the microphotograph in the computer programme

“Adobe Photoshop” as jpg file.

It is necessary to correct the outline of the valves with Photoshop in order to digitalize it

with tps.dig. If the outline has a sharp edge on a clean background very few modifications are

necessary, but many outlines need to be ‘cleaned’.

First the picture is opened and the valve righted, so that the ventral contour is vertical.

Menubar — Image — Rotate Canvas — Arbitrary.

Image Layer Select Filker Wiew ‘Window Help

b
tode FF Arti-zliased
ﬂdjust ) ————
\ (RGB)
Duplicate. ..
Apply Image...
Calculations, ..
Image Size. ..
Canvas Size..,

Rotate Canvas
Crop

Trirn .

Reyveal &l

Histogram... Flip Horizontal
Flip Yertical

Trame..

Extract...  Ak+CirlH+%

LiquiFy...  Shft+CErl+%

x
Angle: |2 i :E\(‘ZVW -_OK
= Cancel |
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Next the scale, if not there, is inserted. If it is necessary to use a scale from another

picture, open it and use the Rectangular Marquee tool of the toolbar on the left side of

the screen to cut out 0.1 mm of the measure (below, left).

Edit Image Laver Select Filber Wiew Wine

__________ Undo Reckangular Marquee  Chrl+2 - ias

1 1 Step Forward Shft+CE+E

! : Step Backward Alb+Ctrl+Z

1

! 1 Fade: . Shft-ChlE

1 |

1 | c Crl4-x

1 —

1 | Lopy

| Copy Merged Shft+CE+C

Paste Chrl+4
Paste Into Shft+Chrl+
Clear
Fill...
Strake...
Free Transfiorm Chrl+T
Transfaorm 3

Define Brush. ..
Define Pattern.. .
Define Custar Shape.. .

|
Purge (3 NHI |
Color Settings... Shft+CEr+-E |

Preset Managet. ..
Preferences 3

Edit — Copy — click the picture where you want to insert — Edit — Paste (above, right).

With the Move tool the measure is positioned.

Next all colour information is discarded. Image — Mode — Grayscale — a window asking
you to first flatten opens — Flatten. (Prior to flattening, the picture and the measure are

independent layers, after flattening the layers are permanently joined).

Adobe Photoshop

Changing modes will affect layer compositing. Flatten image
before mode change?

Cancel | Don't Flatten

|1mage Layer Select Fiker View ‘Window Help

(e

Eitmap

Adjust [uctone
Duplicate. .. Indexed Color, ..
Apply Image... v RGE Color
Calculations. .. CMYE Color
i Lab Color

Image Siee... Mulkichanne
Canyvas Size. ..
Raotate Canvas b v 8 Bits{Channel
Crop 16 BitsfChannel
Teim... ol Table, .
Feweal Al -

i Assign Profile. ..
TR Conyett ta Profile. ..
Tram. .

Extract...  Alk+Chrl+3

|
Liquify...  ShFtHCEr+% : I 5 I
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All valves need to be oriented in the same way to compare the outlines; right valves need
to be flipped horizontally to be comparable to left valves.
Image — Rotate Canvas — Flip Horizontal.

Image Layer 3elect Filker View ‘Window Help

| Mode 2| ] (i
¢ Adjusk P —
! :928.1PG @ 25% (]
Duplicate. ..
Apply Image...
Calculations, ..
Irnage Size. ..
Canyas Size. .
Rotake Canvas 150
Crop Q0% Chy
THim. .. 90° COMY
Feweal Al Arbitrary. ..
Histogram. .. Flip Horizontal

Flip Yertical
TrEme

Extract...  AE+HCEH+¥

S e

Liquify...  ShFt+CEr+%

The outline is checked; any pieces of dirt that are connected to the valve are erased with

the Eraser tool (dirt somewhere in the background is ignored).

If the outline is very translucent there is too little contrast and the edge needs to be

outlined with the Paintbrush Tool , select the thickness of the stroke in the toolbar

below the menubar.
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=B
History )
ﬁ‘?|24142928.JPG E|

%1 Cpen
|— £ Eraser
’_ &7 Eraser

® &7 Eraser

[
[l S

Il

Eile Edit Image Layer

Brush: EH |

In the menubar under Window there is a heading Show History,

if selected a window is shown where the modification steps are

listed, it is possible to undo the last 20 changes.

The original is shown in the header bar of the history window

and can always gone back to.

— Pixel Dimensions: 14.1M

Resolution: |?2

| pixelssinch j

Width: [ miets =l ]@
Height:  [1920 [ pixets =l
— Docurnent Size:
width: 5031 [cm =~
| it
Height:  [67.73 [cm =l

irdl Constrain Proportions

v Resample Jmage: I Biicubic vl

II&

K

Cancel I
Auto... I

The Image Size (under /mage in the menubar) is very important for the number of

digitised points the outline is made up out of. Think about an appropriate number (> 1000 pts)

before digitalizing, since MORPHOMATICA is sensible to variations of points used to calculate

the outline. The number of points depends on the size of the picture and the resolution. Size

and resolution should be adapted prior to producing the bitmap. No example for resolution

and size can be given, because these parameters vary greatly, depending on the way the

picture was produced.
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The outline is digitalized from a bitmap of the |[FEETEEEEEGEGEEEE |
. . — Resoluti
valve, to get the bitmap go to Image — Mode — Bitmap. ot 2t/ —
Choose 50% Threshold for the bitmap. Check, if | | Quiut |72 [pelssinen =]
the valve has a continuous outline, wherever there is a | Method
o . . Use: | 505 Threshold |
small gap it will disturb the digitalizing of the outline. e |:E|

Make changes not in the bitmap, but go back in the

history to the last point prior to bitmap to make modifications.
Finally the modified image is stored, go to File — Save as and store it either under a new
name or a different format, do not simply Save since this way the original picture will be lost.

This step can be performed first, depending on your personal preferences.

The computer program “Tps.Dig”

This program is a simple means to digitalize objects. If you have to download it from the
internet choose:

Rohlf, F J. 2001. tpsDIG, Program version 1.43. Department of Ecology and Evolution,
State University of New York, Stony Brook, NY.: http://life.bio.sunysb.edu/morph/soft-
dataacq.html (1/17/04).

Open your picture under File — Input Source — File; select the format you used for storing

the modified picture.

File Modes Edt Options Help

Input source g

Reopen L4 SCanmer. ..

Look in: |3 TPS x| = E ek E-

#] vinary
] vi1sLy
] visory
ﬂ WersuchW115

File name: ﬂ Open I
Files of type: tps files ﬂ Cancel |

tps files

Al Media

BMP

GIF

JPG

PC

PMNG

TIF

A

oy |
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Go to Options — Set Scale, change the size to 0.1 (not [FEIETNE I [
Length of scale: ID.1

Click one end of scale

comma, but point) and click the beginning and end of the
measure on the picture.

The line must be parallel to that of the scale on the picture, o | e | coca

be careful to work accurately since small mistakes here will result in artificial differences in
size in MORPHOMATICA. Click the outline button & to activate the tool for digitalizing
the contour. Place the tip of the arrow right of the valve, make sure that there are no pieces of
dirt between the tip of the tool and the valve and click it. A red line marks the outline of the

object, as recognized by the program.

-

If the line is partially on the inside of the valve, the contour was "leaky” and has to be
corrected in Photoshop (changes must be saved in Photoshop and the valve reopened in
tps.dig to adopt the changes). Right click the mouse and choose Save as XY coords., the
number of points for the outline appears in a window and has to be accepted, an additional

yellow outline appears.

| Save as chain codes
Sawe as radi £
Sawe as radi

DCiscard outline
View threshold image l—m
Refresh display

« 0K

Enclosed area. .. . - .
E,

f coomm ———————— |
o

Perimeter ...

Cancel

If the number of digitised points is suitable (should be around 1000 - 1500 points), store
the information under File — Save data as, if not go back to Photoshop to change the Image

Size and Resolution to fit your ideas.
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Comparison of Fabaeformiscandona caudata (Kaufmann) and

Fabaeformiscandona lozeki (Absolon) from the sublittoral of Lake Mondsee
Anika Stracke', Dan L. Danielopol?, Laurent Picot®
"Heinrichstrasse 55, A-8010 Graz (E-Mail: anika_boriss@yahoo.com).
* Commission for the Stratigraphical & Palacontological Research of Austria, Austrian
Academy of Sciences. c/o Institute of Earth Sciences (Geology & Palacontology), University

of Graz, Heinrichstrasse 26, A-8010 Graz (E-Mail: dan.danielopol@oeaw.ac.at).
3 Avenue des Vendeens 71, F-50400 Grandville (E-Mail: laurent.picot@lavache.com).

--
--
--

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 selected.

OrTTETTTEE— -Iojx|
File Specmen Clusker  View ¥
s TERE
[+ B Specimen
-3 Cluster
open 2|
% Open . en™.
Laook in: ID example 3 tps ﬂ = &5 v
% You ¢ [®]caud 9 zwem-vd-F.tps =] CeLvisMem.tps Cel¥SSMEm tps
[#] Caud, Absalon-F-vg, TPS Cel¥2T4m.tps CeL¥65MEm tps
To dil | Caud-kaufmann-f-vg TPS 3] ColvzZshem.ps 8] ceLwramam. tps
85 To dit #] Caud-Scharf-F-vg TP ] CLVaGF10m kps (s8] CeLvasMem kps
|38 CeLv10SMEm tps CeLW3SMEm.tps CeL¥9SMEm tps
[8] et vt T4m.tps CeLit4SMém.tps CeR1T4m.tps
N I |
File name: | Open I
Files of type: IAII Specimen Files [* tps*. msd) j Cancel |
A
Ready Coordinates | [NOM [ 4

To see the fit of the calculated outline select Approximation under Specimen in the

menubar.

“= Unbenannt - Morphomatica - |E| 5[

File | Specimen  Cluster  View 7

M  Insert..

=€

Delete
Properties... |

Caloulate. ..
Delete
Properties, ..

p
B CeL¥LSMEm.tps
& Ccl¥2l4m.tps
B Celw25MEm.tps
--[B CeLy3GFLO0m.tps
- [B Cel¥3sMem. tps
—-[B Celv45MEm.tps
[ CeL¥SSMEm.tps
- [B CelW6SMEm. tps
-[B CeL¥7SMEm.tps
- [B CeLy¥BIMEm. tps
- [B CelYasMem. tps
-[B CeRw1Idm.tps
B Cerv1sMEm.tps
-[B CeRV2I4m.tps

[ R WPEAm Fr =
| i v

Coordinates I_IW l_ o

It might be useful to change the number of control points to get a better resemblance

between the calculated and the real shape.

76



| Ber. Inst. Erdwiss. K.-F.-Univ. Graz |

ISSN 1608-8166

| Band 13

| Graz 2008

Mark the Cluster folder, select the specimen you want to compare and click Apply.

0]
File Spedmen Cluster ‘View ¥
D=EHE (3 8
B dmlviModl-28tps 4]
B CimLy1Mo41-29.tps
B CmLy15M15m.tps
[ ClmLY15MEm tps % RLE:L LK A dd Specimens to Cluster x|
-3 CmLY2GF10m tps Py e
~[E ClmL¥2I4m.kps Loz-absalon-fvg. TPS o Select All I
@ CImL¥2Ma41-27 tps Caud.sbzalon-fvg. TPS
B ChRY1GF1Om.tps 4, Select a CaudK aufmann-f-vg TPS Select None
B cmRy1115m.tps CaudSchartvg. TPS
B CnRY1l4m.tps Col¥105MEm ps .
[ CImRY1Ma41-20.tps %Cak”'a“ Cellldm lps specimen”
& CmRYiMad1-26.tps CelY15MBm tps
B CImRY1Mo41-27.tps Celv2ldmips
B CimRviMod1-28.tps Cel V25 Mem Ips Aol
[ ClmR¥iMo41-29.tps
B CRY1SMI5m tps CelW3GF10m.tps _I = :
2 - ancel
[ CImRY1SMEm.tps M Colv3asMEmtos
- [B CmRv2L4m . tps
<[ ClmRy2Mo41-26.tps
[ Caud 9 Zwam-vd-f.tp
& Cluster
-
0 e [
Ready Coordinates I_IW’_ A

Set the control points to the value that you determined earlier (usually 8 control points on

each half of the valve give a good result).

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

one valve as reference and select Display Coordinates.
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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 —

Area total.

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
Mean delta quadrat

1
z
z
5
1
z
[
1
1
e
1
1
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 a new Excel table and paste the sheet into the field A3.
Into field A1 write a title, copy the names of the specimen and paste it with Paste Special —

Transform into 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 ;Iilzl‘
[DERa8RY (s 2R - @2 & 45 0B - [ ||« i |Fru E==EHFEAm RS EE DA
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-ahsolon-fvg TPS 0 2453 94.82 7487 41.58 44.92 4291 37.36 30.39 3885 40.04 44.06 e
| 4 |Caud 9 2W8m-vd-ftps 54 .63 1} 34.84 41.3 2275 459 3167 3643 2843 2742 23561 19.98
| & Caud Absolon-f-vg TPS 5482 3484 1} 3667 2184 423 2558 3637 31.74 2575 3272 2828
| 6 |Caud-Kaufmann-fvg TPS 7487 41.3 3667 0 4262 74.99 56.53 B5.58 5543 80.6 5587 47.29
| 7 |Caud-Scharf-fvg TPS 4148 2275 2184 4262 1} 33.69 17.36 2348 17.53 11.29 1897 13.82
| B CoclvTMmips 4492 459 423 7499 3369 1} 1978 13.82 2812 2713 2329 3363
[ 8 | Cclv1SMBmtps 4291 A1ET 2558 56.53 17.36 19.78 0 12.92 17.683 1187 15.18 17.28
[ 10 |Celv2idm tps 3736 3543 3537 6558 2348 13.82 1272 a 18.14 16.07 12.78 2234

11 |CcLVISWBm tps 3039 76.43 31.74 5543 17.53 28.12 1763 18.14 i 1584 14.08 1643

12| Ccl YARE1Nm to. 4 fil| 1170 1
4[4[ [\ Tabelle1 { Tabellez 7 Tabeles /

Bereit

Start Primer, select Open and choose your Excel table; in the pop up dialog field click
Similarities, 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
CclV105MEm.tps | o
Cancel
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
plus individual 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); this is 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 a MDS plot of your matrix click on Analyse and select MDS. ] i

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.

Il
™ Flle Edit ¥iew Graph Tools Window Help ===
DEESR el 2008 ¢ 1R kE|D2
e Example 1(010708)
ki 2D Stress: 0.09 [[Species sex
O lIfa
mc
u - u ca
s .- i n < ck
* cs
.o . nil, £ | oI
. “ agm ¥ ®Im
'Y 3.4 .' n
°®
e" o o0 o
® o
* e o
®
. oo @
®
o ® L e®
° 2 o
.
* % o
'
. °
N — |

80



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

ca F .caudata det. A. Absolon (Absolon 1973)

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

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

If F. lozeki female, lake Mondsee (det. D. Danielopol)
Im F. lozeki male, lake Mondsee (det. D. Danielopol)
Ifa F. 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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Comparative study of Candona neglecta valves from the shallow and deep

sites of Lake Mondsee

Anika Stracke', Dan L. Danielopol” and Walter Neubauer’

"Heinrichstrasse 55, A-8010 Graz (E-Mail: anika_boriss@yahoo.com).

? Commission for the Stratigraphical & Palacontological Research of Austria, Austrian
Academy of Sciences. c/o Institute of Earth Sciences (Geology & Palaeontology), University
of Graz, Heinrichstrasse 26, A-8010 Graz (E-Mail: dan.danielopol@oeaw.ac.at).

3 UnterfeldstraBe 13/10, A-5101 Bergheim (E-Mail: mathstud@gmx.at).

60 valves of Candona neglecta female from different depths of lake Mondsee are
compared to see if there is a difference between specimens from deep (65 m) and shallow

(3 m-6 m) sites.

Fuschler Ache

Lake Mondsee.
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Open MORPHOMATICA to insert the digitalized specimen into the specimen folder.
Activate the Cluster folder, go to Cluster in the menubar and choose Select, click the Select
All button and Apply. Check under Cluster — Properties if Normalize for Area is selected. The
valves are projected on top of each other. The difference between the valves is small, to see if
there is a difference between the valves from the shallow parts and the deep parts, select

valves from one depth only.

Deep site Normalised (Area) Shallow sites
DeltaVecScale: 1.00

Normalised (Area)

DeltaVecScale: 1.00
Number of Iterations: 6
Number of Iterations: 6

Valves from the deep/shallow sites, Normalized for Area.

More information concerning the differences between the different origins can be
obtained, if the valves are compared without normalization. Activate Cluster, in Properties
change to Don’t normalize and select the valves from the different sites again. The valves
from the deep sediment show a greater diversity in size than those from the shallow parts of

the lake.

=) S
100 microns 100 microns

Shallow sites DeltaVecScale: 1.00

Number of Iterations: 6

Deep sites

DeltaVecScale: 1.00

Number of Iterations: 6

Valves from the deep/shallow sediment, No Normalization.
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The data obtained with MORPHOMATICA can be used for further analysis in other
programs. In both cases (Normalize for Area, Don’t Normalize) all specimen are used for the
Cluster analysis.

Select Display Differences — Area Total and copy the sheet with a click on the right mouse
button. Paste the matrix into field A3 of an Excel worksheet, copy the list of specimen and
insert it with Paste special — Transpose into field B2, into field Al fill a title. Save the Excel
book. Repeat the copy and paste with the other normalization and insert it into the next sheet
of the workbook.

We use for further analysis the program Primer. Start Primer and select Excel files to be
opened, in the dialog box choose sheet 1 and pick Similarities — Ok and Dissimilarities — Ok.

Make sure that the number of rows corresponds to the number of specimen that was used
(if it does not, check in the Excel worksheet if something went wrong with copying the list of
specimen, any blank field in column A and row 2 other than A2 will be the signal that it is the
end of the matrix).

Go to Edit and select Factors, in the dialog box under Factors add a new factor and name
it. Fill in the column with abbreviations, under Factors pick Plot key to give the abbreviations
corresponding symbols that you like and sort the abbreviations with the up/down arrows to
have them displayed on the side of the plot in the right order. When you are done confirm the
abbreviations and plot key with OK. Select Analyse in the menubar and MDS..., ten restarts
are usually sufficient.

The resulting plot needs to be modified, go to Graph and Properties, select Display
Symbol and Factor, in the neighbouring field Label and None. If you made several columns
with factors it is possible to select a factor, confirm with Ok. The plot can be rotated to
display the results best (plot on the following page). The first plots are based on a matrix with

normalization for area.

dl| Candona neglecta, deep sites, left valve

dr| Candona neglecta, deep sites, right valve

sl| Candona neglecta, shallow sites, left valve

sr | Candona neglecta, shallow sites, right valve

Abbreviations used in the plots below.
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Lol
Example 2(010708)
20 Stress: 0.14 || Sife valve
A dr
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v & sr
'y
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* *
. *
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MDS plot using Normalized for Area.

the populations (see figure next page).

resulting graph shows the samples positioned in a three dimensional space. Most symbols

have a thin line either going up or down that helps to position the symbols. There is an

In this case, a three dimensional display helps to better understand the differences between

Go Graph and Properties again and select 3D instead of 2D in the dimensions field. The

imaginary plane and the samples are either in, above or beneath that plane (imagine balloons

filled with helium = above, or water = below) — the lines connect the symbols with this plane.

The graph can be viewed from all around to find the best view of the results.

left valves are grouped, whereas the valves form the shallow parts of the lake are mostly

within or above the plane.
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Example 2(010708)

3D Stress: 0.08 [Site valve

MDS-Plot in 3D.

To open the matrix containing the data from Don’t Normalize it is necessary to save the

first matrix as a Primer file or close it to enable the program to open the same Excel

workbook again. In the first dialog box select sheet two as the source otherwise continue as

before. Copy the factor list from the first matrix and use it for the new matrix.

The same effect as was shown in MORPHOMATICA above is visible in the plot, the

variability is higher in the group of valves from the deep site.

Example2NonNorm(010708)

v
viy v
—_—
v,vv&'
A “A‘A
v “A~
Yy ¥
A
A
Ad
Fy Fe 4
A A
A
A
‘ ‘
A

2D Stress: 0.02

vv'd

A

=B ]

MDS-plot with No Normalization.

87



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

Primer offers a randomisation test (Anosim) to evaluate the statistical difference between

the populations. The example below was performed on the data produced with the setting

Normalize for Area.

Global Test
Sample statistic (Global R): 0.25
Significance level of sample statistic: 0.1%
Number of permutations: 999 (Random sample from a large number)
Number of permuted statistics greater than or equal to Global R: 0

Pairwise Tests

R Significance  Possible Actual Number >=
Groups Statistic Level % Permutations  Permutations =~ Observed
dr,dl  0.137 1.7 77558760 999 16
dr,sl  0.145 1.4 9657700 999 13
dr,sr  0.206 0.4 818809200 999 3
di,sl  0.22 0.6 17383860 999 5
dl,sr  0.51 0.1 Very large 999 0
sl, st~ 0.217 0.4 141120525 999 3

Result section of the Anosim analysis performed with Primer.

There is a rather high difference between left valves from the deep sediment compared to

the right valves from the shallow sediment as compares to the other pair-combinations.
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