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ABSTRACT
Shape variation of semicells of Micrasterias and marginal cells of Pediastrum, both
freshwater algae, was evaluated using geometric morphometrics to assess the relationship
among individual taxa of each genus. A superimposition method using Procrustes fitting was
employed to decompose the form of the cells from its non-shape variation components. Relative
Warp Analysis (RWA) to depict variation in shape and cluster analysis to reveal groupings of
individual species within both genera were used. Morphological trends revealed by RWA and
cluster analysis describing variation among Micrasterias species include a) width of the polar
lobes, b) depth of incision between individual lateral lobes, and c) depth of incision between
polar and lateral lobes. For Pediastrum these include a) presence and absence of V-incision, and
b) the width of this incision between marginal cell lobes. In this study, the morphological pattern
that described variation among individual taxa of Micrasterias and Pediastrum could be used as
bases for classifying group of species under both genera.
Keywords: Geometric morphometrics, landmarks, Micrasterias, Pediastrum..
INTRODUCTION
Shape is an outline of the form of any object or, in mathematics, it is a geometric form
(e.g. a square, triangle, cone or tube) of any object. For centuries shape has been considered an
essential component in biology due to its importance in taxonomic classification of organisms
and in understanding the diversity of biological life (Adams et al., 2004). Shape analysis,
therefore, will help us understand certain biological processes that might cause variation as well
as the morphological transformation or variation of any structural organism. Landmark-based
geometric morphometric method is basically a collection of two-dimensional coordinates of
biologically definable landmarks, which are discrete anatomical loci that are presumed to
be homologous in all indiciduals of a given taxa (Adams 1999). The genus Micrasterias Ag. ex
Ralfs is a group of freshwater algal species whose cells are composed of two semicells with a
polar lobe and lateral lobes (Fig. 1). For many decades cell shape of these desmids have attracted
various biologists who investigated their morphogenesis but little work has dealt with
morphological pattern of variations particularly among individual taxa of Micrasterias (Neustupa
and Stastny, 2006; Neustupa and Skaloud, 2007). Pediastrum Meyen (Fig. 2) is another group of
freshwater algae which usually appears in circular cluster form. Previous studies were also
conducted on this genus, particularly on their growth, development, and pattern formation of
their cells, but the morphological plasticity among individual taxa was not thoroughly
investigated resulting in unclear taxonomic status of Pediastrum species. This paper assessed the
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infrageneric relationship of Micrasterias and Pediastrum species using cell shape variation
through landmark-based geometric morphometric methods. Description of explicit
morphological pattern of variations among species of both genera are provided.

MATERIALS AND METHODS
Thirty-six species of Micrasterias genus and twenty-five species of Pediastrum were
examined from detailed images available in online algal databases (e.g.
http://www.algaebase.org). A total of 85 semicell and marginal cell images were analyzed for
Micrasterias and Pediastrum, respectively. Seventeen landmarks defined by Neustupa and
Stastny (2006) were used in the shape analysis for Micrasterias species and 26 landmarks for
Pediastrum (Neustupa and Hodac, 2005).
Superimpostion using Procrustes fitting was done to remove non-shape variation (e.g.
position, orientation, and scale of the specimens) so that shapes of semicells and marginal cells
of both genera could be compared descriptively using graphical representation. Graphical
presentation of shapes, specifically shape variation, was analyzed and presented using Relative
Warp Analysis (RWA) and Thin-plate spline methods, respectively. Cluster analysis was also
carried out to determine the possible relationship among species of both genera based on shape
patterns. A discriminant analysis was then performed to build a predictive or descriptive model
of group discrimination and assigning species into a particular group.

Figure 1
Positions
of
the
17
anatomical landmarks used for each semicell
among Micrasterias species (Neustupa and
Stastny, 2006).

Figure 2. A cell of Pediastrum duplex var
duplex showing the positions of the landmarks
used in this
study (after Neustupa and
Hodac, 2005).

RESULTS AND DISCUSSION
Geometric morphology of Micraterias
Relative Warp Analysis depicted variation of semicell and marginal cell shapes that relate
among Micrasterias and Pediastrum species, respectively. In Micrasterias, from the first two
RWA, the first analysis (RW1) revealed the variation of semicell shape from constricted to
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broader shape of polar lobes, and the tendency to have deep lateral lobes incision with
constricted polar lobes and shallow lateral lobes incision with broader polar lobes (Fig. 3). In
addition, RW2 also revealed the deep and shallow incision between polar lobes and lateral lobes
of the semicell shape variation among Micrasterias species (Fig. 4). Furthermore, the clustering
of the species of Micrasterias (Fig. 5) resulted in two main groups (A and B) corresponding
primarily to the depth of incision between individual lateral lobes, where group A has a shallow
incision while group B has a deep incision. Further clustering of the group with deep incision on
lateral lobes includes the following clusters: C, the depth of incision between polar lobes and
lateral lobes; E, length of the individual lateral lobes; and lastly the width of the polar lobes
where group G has broad polar lobes while group H has narrow polar lobes.

Fig. 3 Thin-plate spline visualization of Relative Warp 1 (RW1) analysis among
Micrasterias species.
The relative warp analysis of Micrasterias semicell shape revealed morphological trends
that may represent the species-specific variation patterns that classify them. Consistent with
these findings are the results of a previous study conducted by Neustupa and Stastny (2006) in
which 14 Micrasterias species were also evaluated using landmark – based geometric
morphometrics. Results of their first relative analysis described the change in shape connected
with the widening of the polar lobe together with the tendency of more shallow incisions in cells
with wide polar lobes. The second relative warp described the morphological trend associated
with the incisions between polar and lateral lobes. In their findings, however, the depth of
incision between individual lateral lobes was not noted as one of the morphological trends
classifying cell shape variation among Micrasterias population. On the other hand, cluster
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analysis of geometric morphometric data had correctly placed species on their appropriate
clusters with no misclassification.

Figure 4. Thin-plate spline visualization of Relative Warp 2 (RW2)
analysis among Micrasterias species.

Another geometric morphometric analysis was conducted by Neustupa and Skaloud
(2007) on cultured populations of five Micrasterias species, namely: M. crux-melitensis, M.
papillifera, M. rotata, M. thomasiana, and M. truncata. Their findings indicated that M. cruxmelitensis and M. truncata have broader polar lobes while M. papillifera, M. rotata, and M.
thomasiana have narrow polar lobes and deep incision between lateral lobules. This result,
however, deviated from the output of cluster analysis where grouping of the five Micrasterias
species followed a different classification pattern. Differing results obtained by the two previous
studies could be influenced by the number of representative species under the genus, where the
second study analyzed only five species.
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Figure 5. A dendrogram of Micrasterias species clustered or grouped
according to similarity of semicell shape.
Geometric morphology of Pediastrum
In Pediastrum, the shape of the marginal cells vary with the presence and absence of Vincision between marginal cell lobes as revealed in RW1 where those with deep V-incision of
cells have a tendency to have a concave basal part (Fig. 6). Another shape variation was also
depicted in the second RWA where shape variation of cells is relative to wider and narrow Vincision between marginal cell lobes (Fig 6). Furthermore, there is also a tendency for the cells to
to have a bulging or wider shape at the middle part and concave at the basal part in cells with
narrow V-incisions. Cluster analysis of marginal cell shape data among Pediastrum species
resulted in clustering of species into four groups (Fig. 7). The first two main groups are distinct
mainly by having either a single lobe (A) or two lobes (B). The other groups which are
subclusters of group B include the following: quadrilateral shape at the basal part (C), tiny lobes
(D) and long-slender lobes (E). Two varieties of P. duplex, namely, P. duplex var regulosum and
P. duplex var cohaerens are clustered separately and apart from the other varieties (Fig. 7).
These two varieties may have distinct characteristics that they do not share with other varieties
but closer to other Pediastrum species. For example, these two P. duplex variants, unlike the
other members of their group, have non-quadrilateral shape at the basal part of the cell.
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Relative Warp 1 (RW1)
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Figure 7. A dendrogram of Pediastrum species clustered or
grouped according to similarity of marginal cell shape.
Pediastrum is a group of species that form colonies. They consist of flat coenobia in
which the marginal cells have one or two horn-like protuberances (Harold and Michael, 1978). In
this study, marginal cells of different Pediastrum species were used to assess relationship among
individual taxa. Results of the relative warp analysis described two morphological shape
variations. These include the presence and width of V-incision on the apical part of the cell.
These results coincide with those of Neustupa and Hodac (2005) which revealed that the
morphological pattern of variation among P. duplex populations includes the widening in the
angle between the marginal cell lobes. The widening of the angle between the marginal lobes of
cells could be related to the width (wide or narrow) of V-incision of the marginal cells, thus
considering both interpretations as similar.
Phylogenetic studies on Pediastrum were conducted by Carlson (2002) using 18S rDNA,
or small ribosomal unit gene and found that the genus Pediastrum is a non-monophyletic group.
This means that this group of species does not represent a single evolutionary branch or had not
descended from a single stock or ancestral form. The same result was also found in the study of
Buchheim (2005) where rDNA data does not support the monopholy of Pediastrum but rather
suggest the existence of four additional hydrodictyacean genera, namely, Monactinus,
Parapediastrum, Pseudopediastrum, and Stauridium. Indeed, these previous results could
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somehow explain the problem of organization as seen in strictly coenobic plants in which the
colony shows little or practically no differentiation in either the structure or even the functions of
its cells. The results of the present study could somehow help clarify the classification among
Pediastrum species through the patterns of variation in the shape of marginal cells.
IMPLICATIONS AND RECOMMENDATIONS
Geometric morphometrics is the quantitative representation and analysis of
morphological shape using geometric coordinates instead of measurements as in traditional
morphometric analysis. In landmark-based geometric morphometrics, the spatial information
missing from traditional morphometrics is contained in the data, and thus will provide a more
accurate description of shape and form of a given species.
Trends in morphological variation in two species of freshwater algae revealed from the
results of this study could be used in classifying infrageneric taxa of Micrasterias and
Pediastrum using morphological shapes. The analysis, however, is quite limited in Pediastum
which forms colonies, and where only the marginal cells, and not the inner cells, of the coenobia
were evaluated. This limitation may have important implication on the accuracy of classifying
Pediastrum species. A further study that will look into more detailed analysis of infrageneric
relationship based on shapes of both marginal and inner cells Pediastrum and other coenobial
algal species is highly desirable.
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