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Abstract

A new consensus method for summarizing competing phylogenetic hypotheses, weighted compromise, is described. The method
corrects for a bias inherent in majority-rule consensus ⁄compromise trees when the source trees exhibit non-independence due to
ambiguity in terminal clades. Suggestions are given for its employment in parsimony analyses and tree resampling strategies such as
bootstrapping and jackknifing. An R function is described that can be used with the programming language R to produce the
consensus.

� The Willi Hennig Society 2012.

Nixon and Carpenter (1996) wrote that the only true
consensus method is a strict consensus, whereas alterna-
tives such as majority-rule consensus should rightfully be
referred to as compromise trees; we follow their termi-
nology here. These other methods, which include Adams
(Adams, 1972), majority-rule (Margush and McMorris,
1981), Nelson (Nelson, 1979; Page, 1989; Nixon and
Carpenter, 1996) and Bremer or semi-strict (Bremer,
1990; Swofford, 1990) compromise methods, are gener-
ally employed when a strict consensus is too poorly
resolved for the purposes of the study and a compromise
must be made to effect the desired resolution.

Consensus and compromise trees may also be useful
for highlighting agreement or ambiguity among source
cladograms, or summarizing phylogenetic information
from multiple lines of evidence (Miyamoto, 1985;
Carpenter, 1988; Anderberg and Tehler, 1990; Wilkin-
son, 1994). Strict consensus trees retain only those nodes
that are present in all source trees, and thus represent
unequivocal statements about phylogenetic relation-

ships (Nixon and Carpenter, 1996). However, almost
all resolution of evolutionary relationships can be lost
when a ‘‘rogue’’ or ‘‘wildcard’’ taxon is variably placed
throughout the source trees (Page, 1989; Bremer, 1990;
Nixon and Wheeler, 1991; Wilkinson, 1994; Sumrall
et al., 2001; Wilkinson and Thorley, 2001). Adams
compromise is particularly useful for identifying rogue
taxa, but has been criticized (Page, 1989; Swofford,
1991) for recovering nodes that are not present in any of
the source trees (but see Wilkinson, 1994). Majority-rule
compromise (MRC) trees retain clades found in a user-
defined frequency of source trees (typically 50%) and
they are often more resolved than strict consensus trees.
They are widely employed in statistically based phylo-
genetic methods such as Bayesian inference (Huelsen-
beck and Ronquist, 2001; Ronquist and Huelsenbeck,
2003) as well as for summarizing trees from resampling
techniques, such as bootstrap and jackknife (Efron,
1982; Felsenstein, 1985). However, the frequency of
nodes present in the majority of source trees is not
always an adequate criterion for inclusion in a compro-
mise tree (Barrett et al., 1991; Sharkey and Leathers,
2001). Comprehensive reviews on consensus methods,
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particularly for summarizing information from multiple
data sets, can be found in Swofford (1991), Nixon and
Carpenter (1996), Steel et al. (2000) and Bryant (2003).

A short definition is warranted to assist readers of this
article. A component is any group of taxa defined by a
node in a tree, regardless of the interrelationships among
the taxa included in the component. Thus in Fig. 1 the
clades (E(FG)) and (F(EG)) both define the component
(EFG).

MRC has been criticized for including components
that are only present in the majority of trees due to non-
independence of the source trees (Sharkey and Leathers,
2001; Sumrall et al., 2001). To demonstrate the lack of
independence in MRC, a contrived dataset is presented
in Table 1, which results in three most-parsimonious
trees (Fig. 1a, trees 1–3) from a traditional heuristic
search in TNT (Goloboff et al., 2008) (50 replications
RAS, 2 trees saved per replication, TBR, rseed = 0).
The strict consensus and MRC trees are presented in
Fig. 1b and c, respectively. An examination of the three
source trees (Fig. 1a) reveals changes in the placement of
terminal taxa C, D, E, F and G leading to little
resolution in the strict consensus (Fig. 1b). In the MRC
tree the relationships (BC) and (D(E(FG))) are recov-
ered because they are present in two of the three trees
(trees 1 and 2) and thus meet the majority criterion. Tree
1 and tree 2 differ only in the placement of taxon G. The
basal split, (A((BC) (DEFG))), is identical in these two
trees, but the interrelationships within the more apical
component (EFG) are ambiguous. Source trees 1 and 2
are not independent, i.e. their shared basal split results
in two solutions for the more derived clade (EFG). The
alternative basal split, ((A)(DBCEFG)), found in source

tree 3 gives a unique solution to clade (EFG) and thus
this basal topology is recovered only once as a most-
parsimonious solution.

The lack of independence between trees 1 and 2
affects the MRC, leading to a higher frequency of the
basal split shared by trees 1 and 2 in the source trees.
Thus the relationship (A((BC)(D(E(FG))))) is recovered
in the MRC (Fig. 1c). This can be argued in evolu-
tionary terms. In this example there are two equally
supported basal splits. The first is that (BC) is sister to
(DEFG), and in this case the latter clade can be
resolved in two maximally parsimonious ways. The
second basal split, the alternative hypothesis (Tree 3), is
that D is the sister of (BCEFG), and in this case the
latter clade has a unique maximally parsimonious
solution. We see no justification for equivocal terminal
clades, as in trees 1 and 2, adding support to a basal
split. Viewed from an historical perspective, there are
two equally supported resolutions of the outgroup, and
the resolution of the ingroup (BCDEFG) is dependent
on each of these.

(a)

(b) (c) (d)

Fig. 1. (a) Three minimum-length trees from the data set of Table 1. Numbers in the boxes surrounding the trees are the weights of the trees. (b)
Strict consensus of the three trees in (a). (c) Majority-rule compromise of the three trees in (a). (d) Weighted compromise of the three trees in (a).

Table 1
Contrived data matrix for the trees presented in Fig. 1

Taxon
111111111122222

123456789012345678901234

A 000000000000000000000000
B 111001110111110000100000
C 111000010111110000011010
D 111110000001111000000101
E 111111010111111110111111
F 111111101011101101011110
G 111111000011111101111110
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MRC (and majority-rule bootstrap and jackknife
compromise) continues to be published as a preferred
tree (e.g. Highton et al., 2002; Martin and Tooley, 2003;
Cadotte et al., 2008; Grande et al., 2008) and is
frequently utilized to summarize the posterior distribu-
tion of trees in Bayesian inference (Huelsenbeck et al.,
2002). This paper introduces a compromise method,
entitled weighted compromise, with the aim of correct-
ing a bias in MRC. We hope that weighted compromise
will be employed as a useful way to summarize the
source trees resulting from phylogenetic analyses when
resolution of the strict consensus is insufficient.

Weighted compromise

An example is described below based on the data set
in Table 2 and the five most-parsimonious (MP) trees
that were recovered (Fig. 2a–e) from a heuristic search
using TNT (Goloboff et al., 2008) (50 replications, 2
trees saved per replication, TBR, rseed = 0).

Weighted compromise can be described in terms of
conditional probabilities. The probabilities below are
based on the source trees in Fig. 2 and the logic may be
followed in the graph in Fig. 3.

Given that one of the five trees in Fig. 2 is correct, the
probability at node A in the graph of Fig. 4 is 1, because
it is found in all five trees:

The probability at node B on the graph is
P(B) = P(A) · P(B|A) = 1 · 0.5 = 0.5.

The probability at node C on the graph is
P(C) = P(A) · P(C|A) = 1 · 0.5 = 0.5.

The probability at node D on the graph is P(D) = P
(A) · P (C|A) · P(D|A,C) = 1 · 0.5 · 0.5 = 0.25.

The probability of Tree a is P(Tree a) = P(A) ·
P(B|A) · P(Tree a|A,B) = 1 · 0.5 · 0.5 = 0.25.

The probability of Tree b is, P(Tree b) = P(A) ·
P(B|A) · P(Tree b|A,B) = 1 · 0.5 · 0.5 = 0.25.

The probability of Tree c is, P(Tree c) = P(A) ·
P(C|A) · P(Tree c|A,C) = 1 · 0.5 · 0.5 = 0.25.

The probability of Tree d is, P(Tree d) = P(A) ·
P(C|A) · P(D|A,C) · P(Tree
d|A,C,D) = 1 · 0.5 · 0.5 · 0.5 = 0.125.

The probability of Tree e is, P(Tree e) = P(A) ·
P(C|A) · P(D|A,C) · P(Tree
e|A,C,D) = 1 · 0.5 · 0.5 · 0.5 = 0.125.

The probabilities of trees a–e are entered into Table 3
to arrive at the summed weight for each component
(clade). Those components with a value > 0.5 are
included in the weighted compromise tree (Fig. 4c).
Note that the resolution of the weighted compromise
tree is intermediate between those of the strict and MRC
trees. We are hesitant to describe this as a probabilistic
approach because these probabilities are conditional on
the assumption that one of the five source trees is
correct, and of course this is usually unknown. Thus we
prefer to refer to the resulting compromise as weighted
rather than probabilistic.

Discussion

MRC trees had an intuitive appeal; under the
assumptions that all source trees are independent of
each other and all are equally supported, i.e. the set of
minimum-length trees, then those components that are
present in more than 50% of the source trees are better
supported than those that are not. Sharkey and Leathers
(2001) and Sumrall et al. (2001) demonstrated that
MRC source trees are not independent due to equivocal
apical topologies causing basal splits to be over-
weighted. Hence, components that are present in more
than 50% of source trees are not necessarily better
supported than those that are not. Here we have
corrected the dependence issue by down-weighting
interdependent source trees. Given that the source data
are now independent we maintain that weighted com-
promise trees represent an accurate measure of the
degree of support for each component found in the
source trees.

Consensus and compromise trees would never have
been fathomed if phylogenetic analyses always resulted
in a unique hypothesis; neither would most of the
various character weighting methods that abound in the
literature. The trees produced employing character
weights may also be considered compromise trees, as
they compromise the principal of parsimony. We here
suggest that, rather than selecting a ‘‘preferred tree’’
from a set of source trees or weighting characters
employing any of the myriad of methods available,
weighted consensus trees might first be investigated to
see if they supply the necessary resolution to answer the
questions being addressed.

The resolution of a weighted compromise tree is
bounded by those of the respective strict (Figs 1b and
4a) and MRC trees (Figs 1c and 4b). The upper limit

Table 2
Character matrix for the trees in Fig. 2

Taxon
11111111112222222222

12345678901234567890123456789

P 01111111111111011000111111111
Q 00010000000000010000000000000
R 11000001110100100111000001122
S 11000001110001101011000001100
T 00001001110100100101001001122
U 00001000110100001011001000111
V 00000100101010100102000100111
W 00000100101010101011000110111
X 00110010101010001111110010111
Y 00110010101011100102110010111
Z 00000000010011100102000000011
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on resolution is set by the majority-rule tree and the
lower limit by the strict consensus. The most basal
components with conflicts in the source trees will
never be resolved in a weighted compromise tree as
there will always be two or more ties at this point.
Given only two source trees, the strict consensus, the
MRC and the weighted compromise will have the
same topology.

Another approach to weighted compromise is to
include all clades in the weighted compromise tree with
the highest weights even if they are not over 0.5. For
example, the highest weight for resolution within a clade
might only be 0.33, but if this is higher than all other
alternatives it may be included in the weighted compro-
mise tree.

Like strict consensus trees and compromise methods,
weighted compromise trees may not represent an opti-
mal tree from which one can directly draw all phyloge-
netic conclusions, but may do so in many cases.

(a) (b)

(c) (d)

(e)

Fig. 2. The five minimum-length trees from the data set of Table 2. Numbers in the boxes surrounding the trees are the weights of the trees.

Fig. 3. Probability graph showing derivation of the weights of the five
trees in Fig. 2. Nodes are identified by capital letters.
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Program

To calculate the weighted compromise, D.R.M.-E.
developed the program wconsensus, using the pro-
graming language R (R Development Core Team,
2011). It can be implemented using the R package APE
(Paradis et al., 2004). The function calculates the
weighted compromise and presents either the MRC
or the weighted compromise with the nodes collapsed
according to a cut value (weighted compromise values
at the nodes). The default cut value is 0.5, but this can
be modified by the user. The input data (the initial trees
in Newick format only) are entered as a multiphylo
object, and a collapsed weighted compromise tree is
output according to the calculated weights. This same
output can be calculated by using the R-code (wcon-
sensus-test.R) in the console command line or R
command line. The wconsensus function and R code
are available at http://code.google.com/p/wconsensus/,
under a GPL 3.x licence, and instructions for their use
are included.
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