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Abstract

Background: Comparing patterns of divergence among separate lineages or groups has posed an especially difficult
challenge for biologists. Recently a new, conceptually simple methodology called the “ordered-axis plot” approach was
introduced for the purpose of comparing patterns of diversity in a common morphospace. This technique involves a
combination of principal components analysis (PCA) and linear regression. Given the common use of these statistics the
potential for the widespread use of the ordered axis approach is high. However, there are a number of drawbacks to this
approach, most notably that lineages with the greatest amount of variance will largely bias interpretations from analyses
involving a common morphospace. Therefore, without meeting a set of a priori requirements regarding data structure the
ordered-axis plot approach will likely produce misleading results.

Methodology/Principal Findings.: Morphological data sets from cichlid fishes endemic to Lakes Tanganyika, Malawi, and
Victoria were used to statistically demonstrate how separate groups can have differing contributions to a common
morphospace produced by a PCA. Through a matrix superimposition of eigenvectors (scale-free trajectories of variation
identified by PCA) we show that some groups contribute more to the trajectories of variation identified in a common
morphospace. Furthermore, through a set of randomization tests we show that a common morphospace model partitions
variation differently than group-specific models. Finally, we demonstrate how these limitations may influence an ordered-
axis plot approach by performing a comparison on data sets with known alterations in covariance structure. Using these
results we provide a set of criteria that must be met before a common morphospace can be reliably used.

Conclusions/Significance:Our results suggest that a common morphospace produced by PCA would not be useful for
producing biologically meaningful results unless a restrictive set of criteria are met. We therefore suggest biologists be
aware of the limitations of the ordered-axis plot approach before employing it on their own data, and possibly consider
other, less restrictive methods for addressing the same question.
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variables. For evolutionary studies eigenvectors may identify
primary trajectories of divergence. PCA is most efficient at
reducing dimensionality when the original variables are highly
correlated, allowing the majority of variation to be explained by




just a few vectors [2,3]. This means that variables that possess
higher degrees of both variance and associated covariance will
have a greater influence over how PC axes (PCs) are determined.
In other words, in a pooled analysis the major axis of divergence in
a more variable group may ‘swamp’ the vectors present in other
less variable groups, making it appear as though all groups are
diverging the same way (Figure 1.). This influence is further
enhanced by the requirement of orthogonality (lack of correlation)
among PC axes. PC1, for example, accounts for the greatest
degree of variation, and will influence the direction of all
subsequent PCs because they must be orthogonal to this first axis
[2,3]. To alleviate this problem a PCA can be performed on a



p =0.004). This suggested that the common morphospace model
did not accurately reflect the patterns of trait covariation found in
Lake Tanganyika (Figure 3A). Without this investigation we would
only be able to assume that variation in cichlid traits was spread
similarly across PCs in each of the three lakes. There were no
significant differences in the spread of eigenvalue variance in
comparisons of both Malawi and Victoria to the common
morphospace (Figure 3B,C).

In addition to testing for incongruent eigenvalue variances, we
were interested in determining whether the vectors of divergence
identified in common morphospace accurately reflected lake
specific directions of cichlid divergence. To determine whether
the primary directions of divergence differed between the common
morphospace and each lake we extracted the first 5 eigenvectors



indicating that the major axes of variation, and levels of variation
between these data sets were extremely similar. This result is
striking because we knowingly removed the major axis of variation
from one of the data sets. Any interpretation of biological
processes such as historical contingency or selection derived from
this type of analysis would therefore be highly questionable.
Although these results highlight the potential problems of
interpreting data from a common PCA on multiple groups we do
not feel they have been especially detrimental to the results of
Young et al. [1]. In fact their main conclusion of a common axis of
divergence is supported by our own data (analysis not shown).
However, in their analysis of lake-specific morphospace, where the
angles of PCs were compared between lakes, differences did exist
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