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ABSTRACT 

A means of determining the geographical validity of shape patterns based on landmark observations, using geometric morphometry and 
multivariate statistical analysis, is illustrated by data on the bioluminescent ostracod species Vargula hilgendo,fii (Müller) from two marine 
Jocalities (Karatsu and Tateyama) in Japan. Standard multivariate statistical analysis of the shape-data shows that there is a significan! 
difference in means between siles. The Jatent vectors of the covariances of the data-matrices for shape-change were tested for collinearity 
under the hypothesis that externa! causes might influence covariances and hence the statistical distance between samples. There is a 
significan! difference in the orienlation of the ellipsoids for total shape-scatter. The reason for the differentiation in the shape-phenotype 
(for example, expressed as polymorphism) might have a microclimatological background. In addition to the difference in average shape, 
there is also a divergence in size between the samples from the two siles. 
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RESUMEN 

Se propone un método que permite contrastar la existencia de fenómenos de variación geográfica de carácter morfológico, considerando la 
posición relativa de puntos equivalentes, mediante el uso de la morfometría geométrica y la estadística multivariante. El método se ilustra 
con datos sobre el ostracodo bioluminiscente Va,gu/a hilge11do1jii (Müller), provenientes de dos localidades marinas (Karatsu y Tateyama) 
en Japón. Los análisis convencionales, usando métodos multivariantes sobre los datos morfológicos, muestran la existencia de una 
diferencia significativa entre las medidas de ambas poblaciones. La colinearidad de los vectores propios de las matrices de covarianzas para 
el cambio morfológico se contrasta bajo la hipótesis de que pudieran influir causas externas sobre las covarianzas y motivar con ello la 
distancia estadística entre las muestras. Se ha apreciado una diferencia significativa en la orientación de los elipsoides para el morfoespacio 
global. La razón de las diferencias fenotípicas (p. ej., expresadas por un polimorfismo) podría tener una explicación 111 icroclimática. Además 
de la diferencia en formas medias, se constata una divergencia en el tamaño de ambas poblaciones. 
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INTRODUCTION 

The recent development of the theory and practice of the 
analysis of variation in shape by geometric methods (Books
tein, 1989, 1991) has opened up new avenues of research 
along the lines envisaged by Thompson (1917), the possibili
ties of which were almost unsuspected until just a few years 
ago. One of these prospects lies with utilizing such multivaria
te adaptations for studying evolution in the phenotype as are 
appearing in evolutionary biology as developed by Falconer 
(1960) and Lande (1976, 1979); others are concerned with the 
integration of geometric methods into biometry. The topic 
considered in the present note concerns the assessment of 
stability in the shape phenotype observed at two or more 
localities. One reason for wishing to do this is that regional 
validity of the phenotype in multivariate quantitative genetic 
analyses (Lande, 1979) is a mandatory requirement of the 
methods. 

There are two factors to be accounted for. Firstly, mor
phological differences may be expressed in terms of a diffe
rence in means and, secondly, and subordinately, as a test for 
differences in covariances. The rationale for the first compo
nent is reasonably obvious in that it is of interest to establish 
differences in average shape between sites. The second com
ponent is of concern if it is suspected that factors such as 
persistent microclimatic differences, salinity, redox potential, 
dissolved gases, temperature, pollution etc. could be affecting 
the shape of the carapace. The influence of salinity on the 
shape of the ostracod carapace is well known. Moreover, 
polymorphism in shape may be induced by environmental 
cues (Clark, 1976). 

THE MATRIX OF SHAPE-CHANGE 

Bookstein's (1991) geometric morphometry analyzes within
populational and between-populational shape-change, based 
on landmark data. Landmarks are observations made at diag
nostically important sites on an organism at corresponding 
points identified by their coordinate-pairs in a Cartesian system. 
Such geometric variables contain much essential information 
on size and shape of the organism, but, of course, not ali. 

The sequence of steps employed here for the determina
tion of regional validity of the shape-phenotype is. 

l. Extract a suitable multivariate geometric expression
of shape from a data matrix of landmark observations. This 
can be done conveniently on the pooled sample made up of 
the observations available from ali sites, in the present exam
ple, two. 

2. Compute the principal components for the samples
from each of the sites, using a matrix of weights, as defined 
in Rohlf (1993), and the generalized statistical distance bet
ween the samples, using the weight matrix formed from the 
pooled observations. 

3. Test the principal axes so obtained for collinearity by
the method of Anderson (1963) and Reyment (1969). 

Shape variation encompasses two components, an affine 
part and a non-affine part (Bookstein, 1991). The mathemati
cal term afflne means uniform change such as obtains when a 
square is deformed into a parallelogram or a circle into an 
ellipse. In affine change, orthogonality of principal axes is 
preserved and parallel lines remain parallel. Mathematically, 
these are maps, i.e. the projection of a point from one surface 
to a second surface. The term non-affine refers to the non-
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