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Abstract

Examination of trees for the presence of particular nodes is a fundamental aspect of systematics, and is the basis of phylogenetic
sensitivity analysis, but becomes unwieldy when performed manually for complex nodes or over large numbers of trees. The
program Cladescan is presented here as a stand-alone application to facilitate the detection of nodes in such situations. Cladescan
includes features useful for phylogenetic sensitivity analysis, such as automatic generation of ‘‘Navajo rug’’ sensitivity plots. In
addition, researchers may find it useful for general comparisons among large data sets.
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Sensitivity analysis measures how variation in output
can be apportioned to variation in input (Saltelli, 2000).
In phylogenetics, sensitivity analysis has been used to
refer to how relationship hypotheses (phylogenetic trees)
vary in response to different tree-search methods [e.g.
maximum likelihood (ML), Bayesian likelihood, and
maximum parsimony (MP)], optimality parameters (e.g.
cost matrices in maximum parsimony or models of
evolution in maximum likelihood), or character weight-
ing (Wheeler, 1995; Giribet, 2003). As originally pro-
posed by Wheeler (1995), parameter sensitivity analysis
was combined with measures of character and taxon
congruence among hypotheses as a method for choosing
optimal cost parameters for parsimony analysis. How-
ever, sensitivity analysis may also be used independently
of hypothesis selection to illustrate the stability of a
hypothesis to changes in the underlying assumptions, a
process implicit in the common practice of displaying
both ML and MP bootstrap values on nodes of
published trees.

More formally, this leads to the notion of ‘‘nodal
stability’’, a measure of robustness to input assumptions
which can be seen as complementary to measures of
nodal support, such as bootstrap values and Bremer
support (Giribet, 2003). Support and stability measures
are frequently correlated, but when divergent may help

to identify nodes of particular interest to the investiga-
tor. Although this approach has drawn criticism on
epistemological grounds (Grant and Kluge, 2003, 2005),
researchers may continue to find the technique useful
(see D�Haese, 2002; Giribet and Edgecombe, 2005).

As currently implemented, however, the process of
determining nodal stability requires unwieldy manual
examination of multiple trees. Although this may be
trivial for small numbers of taxa and trees, as data sets
increase in size and the number of trees grows, manual
examination becomes time consuming and prone to
human error.

The program ‘‘Cladescan’’ was written to facilitate
such comparisons. Cladescan takes as input one or more
sets of trees and a configuration file identifying a node or
nodes of interest, records whether each node of interest
occurs in each tree, and outputs a summary of the
results. This functionality dramatically increases the
speed and accuracy of nodal stability estimates com-
pared with manual examination, and may be used as a
general tool for quickly comparing topologies among
trees.

Program description

Cladescan is written in Perl, and should run on any
Unix-based computer with Perl 5.8.x or higher. The
program, along with detailed configuration instructions
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and sample input files, is available for free download
under the GNU General Public Licence at http://
rc.fas.harvard.edu/cladescan.

Input to Cladescan consists of one or more tree files
and one configuration file. Tree files may contain
multiple rooted or unrooted trees, which must be in
parenthetical format and delimited by semicolons (Fig.
1). Each tree file is taken to represent one condition in
the analysis (e.g. the most parsimonious trees from one
particular set of cost parameters); thus, a separate tree
file is required for each condition. Output options are
specified in the configuration file. The user may indicate
a number of specific nodes to annotate, in which case the
program will scan for any monophyletic grouping of
those terminals; alternatively, one may supply a paren-
thetical tree, in which case the program will scan for
each node of the given tree in turn.

As output, Cladescan produces a text file with the
results for each target node and tree file, indicating the
number of trees in each file containing each target node,
the number not containing the node, and the percentage
of trees in that tree file containing the node. Optionally,
the program can graphically illustrate these results as
‘‘Navajo rug’’ sensitivity plots (sensu Giribet, 2003) in

scalable vector graphics (SVG) format, suitable for
import into vector-based graphics programs such as
Adobe Illustrator (Fig. 1).
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Fig. 1. Example implementation of Cladescan on a simplified data set. (a) Maximum-parsimony analysis of a six-taxon data set under four different
character weightings has resulted in four most-parsimonious tree files, one of which contains two equally parsimonious trees. The investigator wishes
to determine whether the nodes from the illustrated tree were recovered in each of the four parsimony condition sets. (b) A configuration file is
written, directing the program to the location of the input tree files, specifying which nodes to search for, and indicating the desired output formats.
(c) Cladescan searches the input tree files for the specified nodes, then outputs results both as a text file containing detailed information for each node
and tree file, and as a graphical representation in SVG format. (d) SVG illustrations can then be manually placed on the tree to illustrate nodal
stability across cost matrices.
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