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ABSTRACT
Keywords: Size, shape, quantitative genetic variation.
Motivation: In the study of evolution is essential the consideration of quantitative differences as
well as qualitative ones. Monitoring quantitative differences within and between populations
requires the measurement of specific quantitative traits. Doubtless, size and shape are among such
quantitative traits. The use of geometric morphometric techniques allow to distinguish shape and
size in a precise and formal way. Hence, geometric morphometric distinguish between global and
local changes in shape and also provides for allometry tests. At present there are some few freely
available programs that perform morphometric computations, like tpsRelw. However, there is no
program which allows for hierarchical structured data (e.g. families and individuals), or performs
ANOVA analysis onto morphometric data in order to estimate genetic components of quantitative
variation within and between populations.
Methods: MODICOS (MOrphometry and DIstance COmputation Software oriented for
evolutionary studies) is a computer program with a user-friendly Windows 95/98/2000/NT/XP
interface. MODICOS computes some morphometric measures as centroid size, uniform and nonuniform components of shape and use them to calculate estimates of quantitative (heritable)

variation both at intra and inter-population level. Specifically, MODICOS computes additive
genetic variances of size and shape measurements both for half sib or full sib family design (one
way ANOVA) and inter-population differentiation measure QST (two way ANOVA).
Results: To show the use of MODICOS, a complete analysis (morphometric and genetic) was
performed using a sample of two different ecotypes of Littorina saxatilis (rough periwinkle), each
with 29 and 30 families respectively, and 3 individuals per family. It seems that the non-uniform
shape component is more efficient capturing the effect of natural selection onto the two different
ecotypes.
Availability:
http://webs.uvigo.es/acraaj/Modicos.htm
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INTRODUCTION
The approach of geometric morphometric (Rohlf and Slice, 1990; Bookstein, 1991; Rohlf and
Marcus, 1993; Rohlf and Bookstein, 2003) has proved its usefulness in the measure of biological
form and the distinction between shape and size of morphological structures (Monteiro, Bordin and
Furtado dos Reis, 2000 and references therein). Consequently, geometric morphometric has become
increasingly important in genetics and evolutionary biology as suggested by an increasing number
of publishing papers using these methods (Arnqvist and Thornhill, 1998; Cavalcanti et al., 1999;
Douglas et al., 2001; Klingenberg et al., 2001; Palsson and Gibson, 2004; Carvajal-Rodríguez et al.,
2005a).
The study of quantitative genetic variation both, within and between populations requires the
measurement of specific quantitative traits. Doubtless, size and shape are among such traits. The
advantage of geometric morphometric methods is that they allow distinguishing shape and size in a
precise and formal way. Hence, geometric morphometric discriminate between global and local
changes in shape and also provides for allometry tests. Thus, we will use geometric morphometric
techniques for description of orthogonal components of variation, as these capture the major
components of variation and are independent of observer bias (Bookstein, 1991).
It is worth mentioning that at present there are some few freely available programs that
perform morphometric computations, like tpsRelw (Rohlf, 1998). However, as far as we know,
there is no program which allows for hierarchical structured data (e.g. families and individuals), or
performs ANOVA analysis onto morphometric data in order to estimate genetic components of
quantitative variation within and between populations. Measuring the genetic variation contributing
to variation in size and shape is crucial if one is interested in predicting trait evolutionary change
(Falconer and MacKay, 1996). Furthermore, quantitative genetic variation of size and shape could
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also be a useful tool to detect changes in biodiversity caused by different human induced activities
(Carvajal-Rodríguez et al., 2005b). MODICOS (MOrphometry and DIstance COmputation
Software oriented for evolutionary studies) performs two kinds of tasks, morphometric and genetics
analysis, in a user-friendly and efficient way. For morphometric analysis, the input data consists in a
series of n individuals, each represented by a set of p bi-dimensional landmark points, i.e. coordinate
pairs x, y (see below). Size and shape measures are calculated from these data using geometric
morphometric techniques. The output is written in a text file in a convenient format for posterior
analysis with standard statistical packages. Furthermore, the output is also maintained in memory so
that the morphometric measures linked to each individual could be immediately used as phenotypes
to estimate genetic components of variances at the intra-population (heritabilities) and interpopulation level (QST, a dimensionless measure of quantitative genetic variance among populations)
under an adequate experimental design. Such design assumes a hierarchical structure of data
distributed in populations, families within populations and individuals within families. MODICOS
also allows for the genetic analysis of user-provided traits. In this later case each individual in the
input file consists in a single phenotypical value rather than a set of points.

METHODOLOGY
Data Input
Two different file formats are allowed. The input file for morphometric analysis should have the
header [MODICOS - POINTS] while the input for genetics should have [MODICOS PHENOTYPES]. Under any of these headers the first individual is identified as three numbers
separated with points, e.g. 111.1.0 identifies population 111, family 1 and individual 0. Under each
individual identifier, a column of p landmarks (pairs x, y separated by comma or space) should
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follow in the case of a morphometric input file. In the case of genetic input file a single phenotype
follows under each individual identifier. After the p landmarks or the single phenotype, the next
individual identifier should appear with its corresponding landmarks or single phenotype and so on
(see Figure 1). Both, the number of families per population and the number of individuals per
family can vary, but the number of landmarks per individual should be constant and higher than
three throughout the entire data set. Example input files for both kind of data are available at the
online help in the program.

Figure 1.
Morphometric analysis
In the study of form differences, three different components can be considered: centroid size,
uniform (affine) and non-uniform (non-affine) shape differences (Rohlf et al., 1996 and references
therein). Centroid size is used as the preferred measure of the geometric size of each individual
because of its properties of independence with respect to shape variables, when landmark scatter
meets the assumption of circular landmark location errors with the same variance at all landmarks
(the null model), and there is no allometry. Thus, allometry can be tested via multiple regression of
centroid size upon shape variables (Bookstein, 1991). The uniform component of shape describes
changes that affect to the whole set of landmarks. In short, the non-uniform component of shape
variation describes local deformations in shape.
In MODICOS, after choosing the morphometric analysis option, three options are displayed
(Figure 2): Distance and Centroid Size, RWA (Relative Warp Analysis) and Uniform.
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Distance and Centroid Size
For each individual, the program computes the centroid size and the Euclidean distances between
landmarks. Centroid size is computed as the square root of the sum of squared distances of a set of
landmarks from their centroid. The output is written in a text file so that rows are individuals, the
first column is the individual identifier, the following columns are the distance values, and the last
two columns are the centroid and the centroid size. Each individual centroid size remains in
memory, so that it can be immediately used as a phenotype for the genetic analysis.
RWA (Relative Warp Analysis)
Consider the multidimensional non-Euclidean space of all possible shapes of configurations of
landmark points, this shape space is known as Kendall's shape space. When variation in shape is
sufficiently small, Kendall’s space can be well-approximated by a Euclidean space tangent to it
(Rohlf and Bookstein, 2003 and references therein). This Euclidean space can be decomposed into
the direct sum of the uniform and the non-uniform subspaces. Therefore, any given set of p
landmarks representing a shape can be expressed as a vector s with 2p - 4 elements so that
s=u+b

(1)

Any vector s of the tangent space (plane) is a sum of a vector u from the uniform subspace and other
vector b for the non-uniform subspace. Thus, given a shape, if we have the uniform component we
can compute the non-uniform one and viceversa (Rohlf and Bookstein, 2003).
RWA, Relative Warp Analysis uses thin-plate spline technique (Bookstein, 1991; Rohlf, 1993) to
capture the non-uniform shape variation. The relative warps are principal components of the
distribution of shapes in the tangent space and they are computed following the algorithm given in
Rohlf (1993, 1998). For each individual we obtain a relative warp vector of dimension min {2(p -
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3), n -1}, where n is the number of measured objects. Thus, the major axes of variation are captured
as relative warps which provide orthogonal descriptors of some fraction of the variation.
Uniform
The uniform shape component is computed using the complement of the space of pure bending
shape variation (Rohlf and Bookstein, 2003). For each individual, a vector of two uncorrelated
components is obtained.
The results from the RWA and Uniform analyses are written into a file in a format similar to
that of the Euclidean distances and centroid size (see above). Again, results are maintained in
memory so they can be used in a genetic analysis. In the case of RWA two files, “RC.dat” and
“R.dat”, are also written with the reference configuration and relative warp loadings matrices
respectively (see Rohlf, 1993 for an explanation on relative warp loadings and graphical
representation of shape variation). These matrices allow for the graphical representation of the
importance of each landmark for the deviation from the reference configuration of the sample.

Figure 2.
Genetic analysis
Geometric morphometric can be combined with quantitative genetic methods to estimate
components of genetic variation for quantitative traits such as size and shape (Palsson and Gibson,
2004). After pushing the genetic analysis button, two options are displayed: “Halfsib” and “Fullsib”,
referring to the family design used for the estimation of components of genetic variation.
MODICOS makes a population partition of morphometric measurements (phenotypes) in terms of
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quantitative genetics. In quantitative traits the total variance (phenotypic variance, VP) is partitioned
as follows
VP = VG + VE

(2)

where VG is the genetic variance and VE is the environmental variance. The genetic variance is also
partitioned in additive, dominance and interaction components. The phenotypic resemblance
between relatives (variance between families, θ2fam) can be used to estimate the additive genetic
variance components (VA) using both, fullsib (θ2fam ≅ VA/2) or halfsib (θ2fam = VA/4) designs
(Falconer and Mackay, 1996). This additive genetic variance computation is performed within each
population via one-factor ANOVA since the between-family variance component θ2fam is equal to
the covariance of the family members (Falconer and Mackay, 1996). There are other possible more
complex designs but field data usually comes in these two fashions.
In MODICOS, centroid size or any relative warp or uniform component can be used as a
phenotype to compute VA estimates. The estimated VA variance (averaged across populations) is also
the within-population variance component, and jointly with the between component (Vb), allows for
the QST computation in a two factor (population, family) nested ANOVA (Spitze, 1993) as
QST = Vb / (Vb + 2VA)

(3).

VALIDATION AND RESULTS
To check the morphometric computations in MODICOS some freely available software was used:
Morpheus (Slice, 1993) was used to check the Procrustes Superimposition (necessary for shape
analyses) and tpsRelw (Rohlf, 1998) to check procedures of shape analysis (relative warp and
uniform procedures). In all cases the output of MODICOS was almost identical (up to 4th or 5th
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decimal position) to that of the programs above. Genetic computations as ANOVAS, heritability
and QST were checked both by hand and using standard statistical packages.
To show the use of MODICOS, a complete analysis (morphometric and genetic) was
performed using a sample of two different ecotypes of Littorina saxatilis (rough periwinkle), each
with 29 and 30 families respectively, and 3 individuals per family. Previous work has shown
significant genetic variability at different shore levels for shell height (Carballo et al., 2001). Now
we considered shell size using centroid size and shell shape via the global component i.e. the two (x
and y) uniform shape phenotypes and the local component (the relative warps). Each individual
consists of a configuration of 12 landmarks (Figure 3). Images of individuals were digitized using
an image analyzer and a binocular. For the genetic analysis we compared the inter-population
genetic variance estimates for the centroid size phenotype, the two uniform shape phenotypes and
the two first relative warps. The selected design for the genetic analysis was the full-sib one.

Figure 3
The inter-population genetic analysis gave significant differences for centroid size, the first
uniform component and the two first relative warps (Table 1). Interestingly, the QST estimate is
higher (as far as twice) for the relative warps than for size and the uniform component. Since
allometry was no detected, neither for the uniform component nor for the two relative warps, the
higher QST value seems to indicate that the non-uniform shape component is more efficient
capturing the effect of natural selection onto the two different ecotypes. This kind of effect is better
visualized in a graphical way using the scaled scores for the two first relative warps providing an
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ordination space (Rohlf 1993). For an example of the later see Figures 3 and 4 in CarvajalRodríguez et al (2005a).
Table 1.

CONCLUSION
MODICOS is a computer program with user-friendly Windows 95/98/2000/NT/XP interface. It has
a friendly on-line help interface with detailed information on input formats, output, methods and
program features. By running MODICOS users can perform morphometric analysis onto a data set,
getting for each individual one quantitative trait phenotype as is centroid size, two more phenotypes
as uniform components of shape variation and, in the case of, say, using 12 landmarks, up to 18
phenotypes of local components of shape variation. All these phenotypes can be immediately used
to estimate heritable genetic variance components within and between populations. As shown via
the example above, it could be of interest to consider shape separated from size in inter-population
quantitative genetic analysis.
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CAPTION TO FIGURES
Figure 1. Morphometric data file format used in MODICOS: The first individual identifier,
111.01.0, represents population 111, family 1 and individual 0; 111.01.1 is the individual 1 from
same population and family. The pairs separated by commas under each individual identifier are the
coordinate points of each individual configuration.

Figure 2. Screen shots of Morphometric analysis window.

Figure 3. Distribution of landmark points for the morphometric analysis used in Littorina saxatilis.
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FIGURES

[MODICOS - POINTS]
111.01.0
3.51,1.98
4.08,1.31
4.34,1.80
111.01.1
442,415
468,526
434,539
111.02.0
351,1.98
4.08,1.31
4.34,1.80
121.02.1
4.42,415
468,526
434,539

Figure 1

15

Figure 2
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Figure 3
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TABLE
Table 1. Result of two factor nested ANOVA in QST computation for the phenotypes: centroid size
(CS), uniform components of shape (U1 and U2) and first two relative warps (RW1 and RW2).

Phenotype

F among populations

QST

CS

30.2 ***

0.26

U1

24.8 ***

0.26

U2

0.17 ns

0.0

RW1

66.5 ***

0.60

RW2

63.4 ***

0.53
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