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1. Introduction

The Bremer support (BS, Bremer, 1988, 1994;
Kallersjo et al., 1992), also known as ‘““decay index”
(Olmstead et al., 1993), “length difference” (Faith,
1991), or “support index” (SI, Davis, 1993; Kluge and
Farris, 1969), is a measure of branch support frequently
seen in the recent phylogenetic literature. The strengths
and limits of this index have lately been examined
(DeBry, 2001; Oxelman et al., 1999) and it was generally
concluded that care must be taken when interpreting the
values. In particular, the calculation of BS becomes
problematic for intermediate to large data sets. Either,
the resulting support values will be sometimes drastic
overestimates of support (Bremer, 1994) or, if more
thorough search strategies are invoked to assess support
of all the individual branches, the process will become a
very time consuming task (Oxelman et al., 1999). Vari-
ous procedures have been suggested for computationally
more demanding data sets (Davis, 1995; Morgan, 1997),
and the reverse constraint method has emerged as most
effective (Morgan, 1997). The power of all approaches,
however, strongly depends on the ability of the applied
heuristic search strategy to find shortest trees. With the
common search strategies and the currently available
processor speed, this ability shrinks rapidly as matrix
sizes grow to more than 100-150 taxa (although strongly
depending on the data set). While finding the most
parsimonious (MP) tree for a large data set is time
consuming itself, heuristic searches have to be repeated
N times if N is the number of internal branches to be
tested (N < number of terminals—2). Thus, a compro-
mise has to be found between elaborateness of the
search per branch and the time invested. If the search
parameters used are too lax, the BS values will probably
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be an overestimation, since the shortest trees under the
constraint will not be found, and, thus, the step differ-
ence to the actual shortest tree will be too high. For
these reasons, BS has rarely been considered for sizeable
data sets, and never for large scale analyses such as on
angiosperm phylogenetics (e.g., Soltis et al., 2000).

To speed up the search for the shortest tree for large
data sets, a variety of methods have been described re-
cently (e.g., Goloboff, 1999; see also Moret et al., 2002).
The parsimony ratchet (Nixon, 1999) was among the
first to be developed, and its impressive efficiency com-
pared with previous search schemes has been reported a
number of times (e.g., Goloboff, 1999; Hilu et al., 2003;
Soltis et al., 2000). These methods, however, have been
implemented in software available for WINDOWS/
DOS only, for example TNT (Goloboff et al., 1999), and
to the author’s knowledge, these programs do not sup-
port use of the respective algorithms during the calcu-
lation of BS. The most commonly used phylogenetic
software, PAUP* (Swofford, 1998), is available for vir-
tually all computer platforms, and is not restricted to
purely cladistic methods, instead featuring maximum
likelihood methods, and numerous statistical tests.
PAUP#*’s data and tree file format (NEXUS; Maddison
et al., 1997) is understood or shared by a variety of other
programs (Huelsenbeck and Ronquist, 2001; Maddison
and Maddison, 1992; Miiller and Miiller, 2003a).
However, as of this writing, neither the calculation of BS
nor the parsimony ratchet or other fast algorithms are
available in PAUP*. While for the older Mac OS sys-
tems (up to OS9), software exists that simplifies appli-
cation of the reverse constraint method for small to
intermediate data sets (e.g., AutoDecay, Eriksson,
1998), no program appears to be at hand that attempts
to implement fast algorithms into the search strategies
during heuristic searches under constraints. In a study
employing branch support analysis with help of Auto-
Decay on a 82-taxa data set (Oxelman et al., 1999),
several search strategies as supported by PAUP* were
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applied to each constrained node, including TBR branch
swapping starting from the unconstrained topology and
saving only few trees, and running a low number of
random addition cycles with TBR on only one tree. It
became apparent that more rigorous settings yield lower
BS values in a significant proportion of branches;
however, none of the today known much faster algo-
rithms could be tested in this study. For these reasons,
an application appeared to be useful that enables users
to perform calculation of BS using fast search strategies
on their preferred platform and in combination with the
most widely used phylogenetic software.

PRAP (Parsimony Ratchet Analyses using PAUP*) is
a new application with a user-friendly graphical inter-
face written in JAVA, running on each system with a
Java Virtual Machine (JVM) installed. The JVM can
easily be downloaded for practically all platforms.
PRAP allows the calculation of BS (Decay values) using
the parsimony ratchet algorithm. Alternatively, BS can
also be computed without using the ratchet. The support
values are written to tree files that can have the widely
used NEXUS format or, to facilitate publication of the
tree, the new TGF format interpreted by the program
TreeGraph. (Miiller and Miiller, 2003b; uses TGF files
to generate more complex postscript trees that can in-
clude bootstrap percentages, posterior probabilities,
branch lengths, clade annotations, and graphical ele-
ments and are easy to edit, print, or embed in a manu-
script.) PRAP reads a NEXUS tree file supplied by the
user. Then it creates constraint trees for each branch and
writes commands for PAUP* into a command file. In-
stead of simple heuristic search statements, a series of
commands is written for each branch, corresponding to
the parsimony ratchet procedure. The user can supply
parameters influencing efficiency and search time of the
ratchet. When executing this command file, PAUP*
calculates MP trees using the reverse constraint option.
A log file is created and parsed by PRAP to determine
how many more steps a tree requires that constrains a

Table 1

given branch. This value, corresponding to the BS, is
assigned to the branch. This is done for each branch in
the tree. The whole tree and its BS values are finally
written to a file: (i) as a NEXUS tree with the BS values
written as taxon labels that can be viewed and printed
with the program TreeView (Page, 1996); and/or (ii) as a
TGF file (see above).

Beyond calculating BS, PRAP can also be used to run
parsimony ratchet searches in order to find the shortest
(unconstrained) trees for a given data set. In addition to
simple ratchet searches, random addition cycles of
the ratchet are possible, running several series of
ratchet cycles from different starting trees. Even for
simple non-ratchet searches the application can be used
as graphical interface for PAUP* under Windows and
UNIX-based systems for which no menu driven PAUP*
versions exist.

Three data sets were used to assess the effect of using
the ratchet during calculation of BS (details available on
request): (i) Lamiales (angiosperms), 89 taxa, plastid
trnK intron sequences, data set from Miiller et al. (in
press); (ii) pleurocarpous mosses, 86 taxa, plastid trnl-F
and rps4 sequences, data set from Buck et al. (2000); and
(iii) angiosperms, 385 taxa, plastid matK sequences, data
set from Hilu et al. (2003). For all datasets, the tree to be
evaluated was a strict consensus tree of all shortest trees
found during 10 random addition cycles of 200 ratchet
iterations each (i + iii: as published; ii: recalculated
here). The settings chosen in the non-ratchet searches
(simple addition and saving of up to 100 trees) were
designed to require computation times roughly compa-
rable to those needed with the ratchet (50 iterations,
each assigning double weight to 25% of the characters).
For data set (i) the branch support was overestimated in
81% of the branches. For these 81%, an analysis ap-
plying the ratchet found BS at least 1 step lower, aver-
aging 0.96 steps lower over all branches (including those
that showed no difference). In data set (ii)) 71% of
branches obtained a lower BS value after using the

Performance divergence between (i) the random addition search strategy (RAS) of Oxelman et al. (1999) for the calculation of Bremer support (BS) in
large trees; and (ii) the parsimony ratchet approach (PR), observed for the first 15 min of calculating BS for 10 randomly selected nodes of tree ‘B’ and

the data set in Hilu et al. (2003)*

Node Time for 25 PR found same BS after Difference of BS after Difference of BS index after
RAS cycles 10 min 15 min

15 0:09:52 0:01:23 5 5
46 0:09:30 0:01:44 2 5

133 0:10:32 0:05:01 1 3

148 0:10:48 0:00:47 5 5

153 0:09:50 0:02:12 4 4

175 0:09:58 0:01:01 5 7

241 0:09:58 0:00:48 5 5

255 0:11:07 0:00:21 5 5

295 0:10:14 0:01:03 3 3

305 0:09:25 0:00:43 4 4

#Calculated with PAUP* 4.0b10 using a 850 MHz Pentium III and Windows XP.
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ratchet; the difference was 1.34 steps on average. Since
both data sets are rather moderate in size, the advantage
of using the ratchet here is not particularly significant.
More thorough search schemes without the ratchet,
applying random addition cycles and saving more trees,
would certainly decrease the reported differences in BS,
but only at the cost of computation times far exceeding
those needed with the parsimony ratchet.

For the considerably larger data set (iii) the perfor-
mance of both approaches was studied in more detail
(Table 1). Here, the random addition search strategy
(RAS) of Oxelman et al. (1999; 25 cycles, no multrees)
was compared to the parsimony ratchet during the first
15min of search time for each of 10 randomly selected
nodes. The lowest BS indices RAS found during its 25
cycles (~10min) on average were encountered within the
first 2-3 iterations (<1.5min) of the ratchet. More im-
portantly, the ratchet found BS indices 4-5 steps lower
within the first 15 cycles (~10 min) and continued to find
still lower ones afterwards (Table 1). The performance
difference is expected to increase with the number of
taxa, the number of replications and saved trees during
RAS, and, up to a data-dependent saturation point, the
number of ratchet iterations used (see also Nixon, 1999).

PRAP can be downloaded from http://www.botanik.
uni-bonn.de/system/downloads/PR AP, together with doc-
umentation and sample data files, or can directly be re-
quested from kaimueller@uni-bonn.de.
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