Combining Data Sets with Different Numbers of Taxa for Phylogenetic
Analysis

John J. Wiens; Tod W. Reeder

Systematic Biology, Vol. 44, No. 4 (Dec., 1995), 548-558.

Stable URL:
http://links jstor.org/sici?sici=1063-5157%28199512%2944%3 A4%3C548%3 ACDSWDN%3E2.0.CO%3B2-L.

Your use of the JSTOR archive indicates your acceptance of JSTOR’s Terms and Conditions of Use, available at
http://www.jstor.org/about/terms.html. JSTOR’s Terms and Conditions of Use provides, in part, that unless you
have obtained prior permission, you may not download an entire issue of a journal or multiple copies of articles, and
you may use content in the JSTOR archive only for your personal, non-commercial use.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or
printed page of such transmission.

Systematic Biology is published by Society of Systematic Biologists. Please contact the publisher for further
permissions regarding the use of this work. Publisher contact information may be obtained at
http://www.jstor.org/journals/ssbiol . html.

Systematic Biology
©1995 Society of Systematic Biologists

JSTOR and the JSTOR logo are trademarks of JSTOR, and are Registered in the U.S. Patent and Trademark Office.
For more information on JSTOR contact jstor-info@umich.edu.

©2003 JSTOR

http://www.jstor.org/
Thu Sep 18 10:41:09 2003



Points of View

Syst. Biol. 44(4):548-558, 1995

Combining Data Sets with Different Numbers of Taxa for
Phylogenetic Analysis

JOHN ]. WIENS! AND TOD W. REEDER?
Department of Zoology, University of Texas, Austin, Texas 78712-1064, USA

Paralleling the spread of molecular sys-
tematics in recent years has been growing
concern over how to integrate morpholog-
ical and molecular data in phylogenetic
analysis (e.g., Miyamoto, 1985; Hillis, 1987;
Kluge, 1989; Barrett et al., 1991; Shaffer et
al., 1991; Swoffford, 1991; Donoghue and
Sanderson, 1992; Bull et al.,, 1993b; de
Queiroz, 1993; Eernisee and Kluge, 1993;
Kluge and Wolf, 1993; Chippindale and
Wiens, 1994; Huelsenbeck et al., 1994;
Wiens and Chippindale, 1994). A powerful
approach for dealing with diverse data
sets involves pooling all the available data
and finding a globally parsimonious solu-
tion. This has been termed the combined
(de Queiroz, 1993), total evidence, or char-
acter congruence approach (Kluge, 1989).
A potential problem when combining di-
verse characters into a single matrix is that
the taxonomic coverage of the separate
data sets may not overlap completely.
Thus, some taxa may lack data of one type
or another in a nonrandom fashion. Should
these “incomplete’”” taxa be included in a
combined analysis?

There have been relatively few phylo-
genetic analyses in which diverse data sets
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tiles, Carnegie Museum of Natural History, Pitts-
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clpgh.org.

2 Present address: Division of Amphibians and Rep-
tiles, National Museum of Natural History, Smithson-
ian Institution, Washington, D.C. 20560, USA.

(such as molecular and morphological
data) have been combined (see Chippin-
dale and Wiens, 1994, for a recent review).
In most analyses in which the separate ma-
trices did not include exactly the same taxa
(e.g., de Sa and Hillis, 1990; DeSalle et al.,
1992; Vane-Wright et al., 1992; Hillis et al,,
1993; Olmland, 1994; Weller et al., 1994;
Yoder, 1994), the authors excluded the taxa
for which one of the data sets was unavail-
able (in the studies listed above, those taxa
lacking molecular data). The only expla-
nation given for this omission (Vane-
Wright et al., 1992) was the desire to avoid
a preponderance of missing data in the
combined matrix. Although this concern is
legitimate (e.g., Platnick et al., 1991), there
is growing support for the idea that incom-
plete taxa can be informative in phyloge-
netic analysis (e.g., Doyle and Donoghue,
1987; Gauthier et al., 1988; Donoghue et al.,
1989; Novacek, 1992). In three recent pa-
pers, authors have included taxa scored
only for morphological data in combined
analyses with molecular data (Eernisse
and Kluge, 1993; Wheeler et al, 1993;
Vrana et al., 1994).

There are reasonable justifications both
for including and excluding incomplete
taxa. There are two ways in which the in-
clusion of incomplete taxa might confound
an analysis: they may increase the number
of equally parsimonious trees obtained, or
they may cause an incorrect tree to be cho-
sen as the most-parsimonious tree. Pale-
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ontological studies (e.g., Rowe, 1988; No-
vacek, 1992) and computer simulations
(Huelsenbeck, 1991) have documented that
adding highly incomplete taxa can in-
crease the number of equally parsimonious
trees. A large number of shortest trees can
obscure relationships among both the
complete and incomplete taxa.

A more serious concern is that adding
incomplete taxa might also lead to an in-
correct tree being chosen as the most-par-
simonious tree. Computer simulations
(Huelsenbeck, 1991) have shown that add-
ing incomplete taxa decreases the proba-
bility of finding the correct tree, relative to
adding complete taxa (when the taxa are
of equivalent age). However, these simula-
tions did not address whether or not ac-
curacy (the probability of estimating the
true phylogeny) would be improved or
worsened by adding incomplete taxa ver-
sus excluding them.

There are three main reasons for includ-
ing incomplete taxa. First, including in-
complete taxa permits a hypothesis of re-
lationships for all the members of a group,
not just the ones for which complete data
are available. A phylogenetic hypothesis
for all the taxa within a group is desirable
for comprehensive taxonomic revisions
and for rigorous analyses of character evo-
lution, evolutionary rates, coevolution, and
biogeography.

Second, the inclusion of additional taxa
may improve the chances of estimating the
right tree. Hendy and Penny (1989) and
Swofford and Olsen (1990) recommended
including additional taxa as a way to sub-
divide the long, unbranched lineages of a
phylogenetic tree. Long branches tend to
be linked by parsimony analysis, regard-
less of the actual relationships of the lin-
eages (e.g., Huelsenbeck and Hillis, 1993),
and addition of more characters may only
further support the incorrect grouping
(Felsenstein, 1978). Computer simulations
by Wheeler (1992) showed that inclusion of
all the relevant taxa is the single most im-
portant factor in obtaining a tree consis-
tent with the correct phylogeny, whereas
the amount of missing data (10%, 15%, or
25% missing) has no significant effect on

accuracy. In Wheeler’s (1992) study, how-
ever, the missing data were randomly dis-
tributed across cells in the matrix, and no
taxa were particularly incomplete relative
to others. This situation clearly is not com-
parable to the problem presented by in-
complete taxa.

A third justification for including incom-
plete taxa is the principle of total evidence.
According to this general philosophical
principle (e.g., Carnap, 1950; Hempel,
1965), the best hypotheses are those that
explain all the relevant data simultaneous-
ly (Kluge, 1989). In the context of system-
atics, this approach requires including all
relevant taxa and characters (Gauthier et
al., 1988; Kluge, 1989). However, the hy-
pothesis that most parsimoniously ex-
plains all the data may not be the one that
best reflects the true phylogeny.

In this study, we address the problem of
combining data sets with different num-
bers of taxa for phylogenetic analysis; spe-
cifically, whether it is better to include or
exclude those taxa that are missing data
from one or more sets of characters. The
most important criterion for evaluating the
consequences of including these taxa is
whether their inclusion causes the result-
ing phylogenetic estimates to be more or
less similar to the true phylogeny (i.e,
more or less accurate). However, accuracy
can be addressed in only a few cases, us-
ing computer simulations and laboratory-
produced phylogenies (Hillis et al., 1992).
A useful criterion that can be applied to a
variety of real data sets is whether the in-
clusion of the incomplete taxa leads to
trees that are more or less similar to the
tree based on the complete data (if it could
somehow be obtained). If the trees includ-
ing the incomplete taxa differ greatly from
the complete tree, then their inclusion may
be a source of error in phylogeny recon-
struction (regardless of whether the com-
plete tree is right or wrong). However, if
there is little effect from including com-
plete versus incomplete taxa, the inclusion
of incomplete taxa may be relatively harm-
less.

We addressed both of these questions
through a series of subsampling experi-
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FIGURE 1. Generalized methodology used in this study for examining the effects of including incomplete

taxa in phylogenetic analysis.

ments using two empirical systems: (1)
phrynosomatid lizards, for which we have
both molecular and morphological data for
a large number of species (40; Reeder and
Wiens, 1996), and (2) the bacteriophage vi-
rus T7, using a known phylogeny of nine
strains generated in the laboratory for
which there is both DNA sequence and re-
striction-site data (Hillis et al., 1992; Bull et
al., 1993a). The general protocol for these
experiments (Fig. 1) involved (1) randomly
selecting certain taxa to be complete and
others to be incomplete, (2) making taxa
incomplete by replacing one of their sets of
characters with missing data, (3) analyzing
the complete taxa alone and with the ad-
dition of incomplete taxa, and- (4) compar-
ing the similarity of the trees with and
without incomplete taxa to the complete or
correct phylogeny.

EXPERIMENTS WITH LIZAI%DS AND VIRUSES

Lizard Data and Methods

The raw data for the experiments with
phrynosoiatid lizards consisted of 134
phylogenetically informative morphologi-

cal characters (squamation, osteology, col-
oration, karyology, life history) and 111 in-
formative molecular characters (109 DNA
nucleotide substitution characters from the
mitochondrial 12S and 16S ribosomal
genes and 2.allozyme characters) for 40
species of phrynosomatid lizards, repre-
senting all 10 genera in the family. (Details
of characters, taxa, specimens, and meth-
ods used will be published elsewhere
[Reeder and Wiens, 1996]. The annotated
data matrix is available on disk from J.J.W.)
Data matrices were subjected to parsimony
analysis using PAUP 3.0s (Swofford, 1990),
with all characters weighted equally.

Sets of species were selected from the
complete set of 40 taxa (using a random
number table) to be complete taxa. The re-
maining species in each matrix were then
rendered incomplete by coding their mo-
lecular data as missing (i.e., ““?”"). The com-
plete taxa were analyzed alone and with
the inclusion of randomly selected sets of
incomplete taxa. To control for the overall
number of taxa in the analysis, incomplete
taxa were added to different numbers of
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complete taxa: 5 and 15 incomplete taxa
were added to 5 complete taxa; 10, 20, and
30 incomplete taxa were added to 10 com-
plete taxa; 10 and 20 incomplete taxa were
added to 20 complete taxa; and 10 incom-
plete taxa were added to 30 complete taxa.
Ten replicate matrices were created for
each level (5, 10, 20, 30) of complete taxa.
For comparison, 10 trials were performed
in which 10 complete taxa were randomly
chosen, 10 and 20 complete taxa were add-
ed to them, and the resulting trees were
compared with the tree based on 40 com-
plete taxa.

The trees derived from these analyses
were then compared with the tree of 40
complete taxa (with taxa pruned so as to
be comparable). Similarity between trees
was assessed using the consensus fork in-
dex (Colless, 1980), which is the number of
clades in common between the two trees
divided by the total number of nontrivial
clades possible (the number of taxa minus
2). When multiple equally parsimonious
trees were generated from a search, each
of the shortest trees was compared with
the complete tree and the average similar-
ity was used.

Only the molecular data alone were cho-
sen to be deleted because in real situations
where molecular and morphological data
are combined the molecular characters are
consistently the ones that are entirely miss-
ing for a given taxon (there are few taxa
known from molecular data but not mor-
phological data). Searches were conducted
using the branch-and-bound option for 5
and 10 taxa and using the heuristic search
option (random addition sequence, 20 rep-
licated searches) for larger numbers of
taxa. Statistical analysis of the results
(multiple regression) was performed using
the Statview™ software package.

Virus Data and Methods

The raw data for the virus analyses con-
sisted of 87 phylogenetically informative
restriction-site characters (from Hillis et
al., 1992) and 30 informative DNA nucle-
otide substitution characters (from Bull et
al.,"1993a) scored for nine viral strains.
These raw data sets were enlarged or re-

duced by random subsampling or resam-
pling of characters to make three new data
matrices in which the numbers of charac-
ters of each class were equal but the total
number of characters differed: one with 10
characters of each type, another with 30 of
each type, and a third with 87 of each type
(data matrices are available from JJW. in
annotated electronic format).

For each data matrix, viral strain R was
used as an outgroup (following Hillis et
al., 1992), and three other viral strains were
chosen randomly and designated as com-
plete. The remaining five taxa were made
incomplete by replacing their restriction-
site or DNA sequence data with missing
data. The complete taxa were analyzed
alone and then with the sequential, ran-
dom addition of the five incomplete taxa.
All of the resulting trees were compared
with the correct phylogeny for these taxa.
Accuracy was measured as the proportion
of resolved nodes in common between the
estimated trees and the correct phylogeny,
using the average consensus fork index
(Colless, 1980). Twenty random selections
of taxa were performed for each data ma-
trix, 10 in which the DNA sequence data
were missing in the incomplete taxa and
10 in which the restriction-site data were
missing. Phylogenetic analyses were per-
formed using PAUP 3.1+6 (Swofford,
1993), with each restriction-site and DNA
sequence character receiving equal weight.
Following Hillis et al. (1992), restriction-
site gains and losses were weighted equal-
ly.
In the preceding virus analyses and in
the lizard analyses, all of the incomplete
taxa had approximately 50% of their char-
acters missing. To address the effects of
different levels of completeness on accu-
racy, a series of subsampling experiments
were performed on the virus restriction-
site and DNA sequence data sets separate-
ly, replacing various numbers of characters
in each data set with missing data. For the
restriction-site analyses, 7 randomly se-
lected characters were deleted from the set
of 87 informative characters to make the
overall number of characters more easily
divisible. As in the previous virus analy-
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FIGURE 2. Effects of including and excluding incomplete taxa (missing molecular data) and complete taxa
on the similarity of estimated trees to the trees based on the complete molecular and morphological data for
phrynosomatid lizards. (a) Effects of including incomplete taxa. Symbols represent the average similarity be-
tween the tree based on 40 complete taxa and the tree(s) from sets of complete taxa with different numbers of
incomplete taxa included. For example, the filled circle on the left represents the mean similarity to the complete
tree based on 30 complete taxa only, whereas the filled circle on the right represents the similarity with 30
complete taxa and 10 incomplete (morphology-only) taxa added. Each symbol represents the mean accuracy
for 10 random selections of taxa. (b) Effects of including and excluding complete taxa. Open circles show the
mean similarity for 10 replicates (random selections of taxa).

ses, the outgroup (strain R) and three ran-
domly selected taxa were chosen to be
complete. The remaining taxa had various
proportions of the 80 restriction-site char-
acters randomly selected and replaced by
missing data. Ten random selections of
taxa (with concomitant random selections
of characters) were performed for each of
four different levels of completeness; 25%
complete (i.e., 60 characters missing data),
50% complete, 75% complete, and 100%
complete (no characters missing data,
complete taxa subtracted and added). The
resulting trees were compared with the
true phylogeny to assess the effects of tax-
on completeness on accuracy. A set of sim-
ilar experiments were carried out on the
DNA sequence data. Two randomly select-
ed characters were deleted from the set of
30 informative characters to make the
numbers of characters more easily divisi-
ble, and 10 random selections of taxa were
performed for each level of completeness
(25%, 50%, 75%, 100%).

Lizard Results

The major results of the subsampling ex-
periments are shown in Figure 2. When all
the taxa were compared (complete and in-
complete taxa), adding incomplete taxa (on
average) decreased the similarity of the re-
sulting trees to the tree based on all the
data (Fig. 2a). The results in Figure 2a were
subjected to multiple regression analysis
(with n = 120 random selections of taxa),
with similarity to the complete tree as the
independent variable and completeness
and total number of taxa as dependent
variables. This analysis revealed a signifi-
cant correlation (P = 0.0001) between sim-
ilarity to the complete tree and the pro-
portion of included taxa that were
complete but not between similarity and
the total number of taxa (P = 0.276).

The results of including and excluding
only complete taxa are surprising (Fig. 2b).
Although one might expect the similarity
of these trees to the complete (40 taxon)
tree to increase with increasing numbers of
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FIGURE 3. Effects of including taxa scored for only one data set on the accuracy of phylogenetic analysis
using combined data sets, based on analyses of published DNA and restriction-site (RS) data for a known
phylogeny of nine viral strains (Hillis et al., 1992; Bull et al.,, 1993a). Each point represents the average accuracy

from 10 random selections of taxa for each data ma

trix. Accuracy is the proportion of reconstructed nodes

shared with the true phylogeny. Four of the nine taxa are complete (no data missing), whereas the other five
have either all of their RS or DNA sequence data coded as missing.

complete taxa added, there was a sharp
decrease in similarity between 10 and 20
taxa, and the similarity to the complete
tree is less for 30 taxa than for 10. Thus,
even adding complete taxa does not al-
ways increase the similarity to the tree
based on all the data. Presumably, as the
number of taxa increases the number of
possible trees increases, and it becomes
harder to infer all details of the phylogeny
“correctly” (Swofford and Olsen, 1990).
Thus, when more taxa are included, the
more chances there are to be wrong some-
where in the tree. The unusual pattern of
similarity rising and falling and rising
again with the increasing number of taxa
might be explained by the fact that addi-
tional taxa are most likely*to improve es-
timation when the total number of taxa is
smallest and branches are longest (and po-
tentially misleading). As more taxa are
added, there ceases to be a benefit to sub-

dividing branches, and the addition of
more taxa only decreases the similarity to
the complete tree.

Virus Results

The results of the virus analyses are
shown in Figures 3 and 4. As suggested
by the lizard analyses, inclusion of the in-
complete taxa leads to a small but consis-
tent decrease in accuracy relative to exclu-
sion of these taxa. The magnitude of this
decrease is sensitive to three parameters
that were not changed in the lizard study:
(1) the type of data missing (restriction site
or DNA sequence), (2) the total number of
characters in the analysis, and (3) the pro-
portion of characters missing data (0%,
25%, 50%, 75%). In general, the decrease in
accuracy is greater when the sequence data
rather than the restriction-site data are
missing. This difference might be due to
the greater homoplasy in the restriction-



554

SYSTEMATIC BIOLOGY

VOL. 44

Accuracy
o
o
l

o
n
|

0.2

O 100% complete
O 75% complete
O 50% complete
A 25% complete

I I I |
6 7

Number of taxa
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accuracy of phylogeny reconstruction, based on separate analyses of published DNA and restriction-site data
for a known phylogeny of nine viral strains (Hillis et al.,, 1992; Bull et al.,, 1993a). Each symbol represents the
average accuracy from 10 replicated matrices. Open symbols represent results from analyses of 28 DNA se-
quence characters; filled symbols are results from analyses of 80 restriction-site characters. Accuracy is the
proportion of resolved nodes shared with the true phylogeny. Four of the nine taxa are complete (no data
missing), whereas the other five have different proportions of characters replaced by missing data.

site data than in the sequence data; the se-
quence data has a retention index (RI) of
0.947 (consistency index [CI] = 0.909; re-
scaled consistency index [RCI] = 0.861),
whereas the restriction-site data has an RI
of 0.810 (CI = 0.750; RCI = 0.608). These
analyses suggest that the larger the num-
ber of characters in the analysis, the small-
er the cost in accuracy associated with in-
cluding incomplete taxa. For example, in
the data matrices with 87 characters of
each type, there is no decrease in accuracy
when incomplete taxa are included. Al-
though accuracy does appear to be sensi-
tive to levels of completeness, the propor-
tion of characters that lack data has
surprisingly little effect on accuracy. For
both the restriction-site data and DNA se-
quence data, accuracy is very similar when
the added taxa are 50%, 75%, and 100%
complete (Fig. 4). Although accuracy is

markedly lower for taxa that are 25% com-
plete, most nodes are still reconstructed
correctly, even when three quarters of the
characters are missing data.

DISCUSSION
To Include or Not to Include?

Our results from the lizard and virus
analyses suggest that including taxa that
are missing data from one or more data
sets in a combined analysis decreases the
similarity of the resulting trees to the phy-
logeny based on the complete data and to
the true phylogeny. However, this decrease
appears to be minor. Even when the num-
ber of characters was relatively small
(nearly equal to the number of taxa) and
the proportion of missing data was large
(75%), most nodes were nevertheless re-
constructed correctly using the T7 data.
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Based on these results, we favor including
these incomplete taxa in phylogenetic anal-
yses of combined data sets. Although there
is potentially a cost associated with includ-
ing these incomplete taxa, there can be a
similar cost to including complete taxa (see
Figs. 2b, 4). We prefer to have a phyloge-
netic hypothesis for these incomplete taxa
that is mostly right rather than having no
hypothesis for them at all.

Some might disagree as to what consti-
tutes an acceptable decrease in accuracy
and whether a decrease is acceptable at all.
This is a fundamental and unresolved

- question in evaluating different approach-
es to phylogenetic inference (e.g., com-
bined vs. separate analyses; Chippindale
and Wiens, 1994). Confidence in the accu-
racy of phylogeny reconstruction will be
more important in some cases than in oth-
ers (eg., phylogenetic studies of viral
transmission vs. taxonomic revisions)
(Swofford, 1991). In all cases, the first step
is to be aware of these ambiguities and to
make the users of phylogenetic hypotheses
(e.g., evolutionary biologists, medical re-
searchers, other systematists) aware of
them also.

Another consideration is that these re-
sults are based on only two data sets.
However, the overall similarity of the re-
sults between the two empirical systems
and the great differences between the sys-
tems (e.g., vertebrates vs. viruses, morpho-
logical vs. molecular data sets), despite
changes in various parameters within the
virus system (e.g., proportion of missing
data, number of characters, types of char-
acters, levels of homoplasy), seem to sup-
port the generality -of our conclusions.
More studies are needed to assess the im-
pact of including incomplete taxa under a
wider variety of conditions. The subsam-
pling protocol we used for the phrynoso-
matid lizard data may be useful for ad-
dressing this problem in other organisms.
Computer simulations will also provide
useful insights.

Other Options

Besides simply including or excluding
the incomplete taxa in the combined anal-

ysis, there are a number of other ways to
deal with the problem of combining data
sets with different numbers of taxa. For ex-
ample, given a group in which there are
morphological data for all the members
but molecular data for a smaller number
of taxa, one could combine and analyze the
data for only the complete taxa and then
infer the relationships of the incomplete
taxa based on their relationships in the tree
derived from morphology only (see Fig. 5a
for a hypothetical example). This proce-
dure requires a certain level of congruence
between the results of the combined and
the morphological analyses; otherwise, the
placement of the incomplete taxa will be
completely ambiguous (Fig. 5b). Further-
more, simply mapping a taxon onto a tree
a posteriori does not require that its place-
ment be the most-parsimonious one pos-
sible, because the relative cost of different
positions (in terms of tree length) cannot
be evaluated unless these taxa are includ-
ed.

This mapping procedure was problem-
atic in our analyses of phrynosomatid liz-
ard phylogeny (Reeder and Wiens, 1996),
in which the data consist of molecular
characters scored for 40 species and mor-
phological characters scored for the same
40 species plus 19 additional species. Com-
parison of the combined 59-taxon tree (in-
cluding molecular and morphological
characters and complete and incomplete
taxa) with the tree based on morphological
data alone revealed numerous differences
in the placement of the incomplete (mor-
phology only) taxa. These differences sug-
gest that the molecular and morphological
data can interact to change the hypothe-
sized relationships of the morphology-only
taxa. Apparently, the addition of the mo-
lecular data changes the relationships of
the complete taxa, and these differences in
the position of the complete taxa make al-
ternative relationships more parsimonious
for the morphology-only taxa. This situa-
tion is illustrated with a hypothetical ex-
ample in Figure 6. Because novel interac-
tions are likely between data sets when
combined (Chippindale and Wiens, 1994),
it seems unwise to try to map the position
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a combined, taxon X mapped
data set 1 data set 2 excluding taxon X onto combined tree
A B X CcC D A B Cc D A B C D

(b) combined, position of

data set 1 data set 2 excluding taxon X  taxon X ambiguous
A B X C¢C D A CB D A CB D A C X B D

G T

FIGURE 5. Trees for a hypothetical example that includes a taxon (X) scored for only one of two data sets.
(a) The relationships of taxon X can be estimated without including that taxon in an analysis of the combined
data if there is sufficient congruence between the data sets. (b) The position of taxon X cannot be estimated a
posteriori because of incongruence between the data sets.

of the incomplete taxa onto a combined
tree based on the relationships that have
been determined using only one set of
characters.

A similar approach involves combining
data from several species sampled for dif-
ferent data sets into a single taxon, which
can then be entered into the analysis as a
complete “hybrid” taxon, corresponding
to a higher group whose monophyly is
supported by previous analyses (e.g., Mi-
yamoto and Goodman, 1986). With this
method, the monophyly of the higher tax-
on must be assumed, rather than allowing
the analysis to test the monophyly of this
taxon or to address the relationships of the
species within it. However, in-analyses of
well-established higher level groups, this
method seems useful for reducing the
number of incomplete taxa without dis-
carding data.

A seemingly conservative solution to the
problem of including incomplete taxa
might be to include them in the analysis
but prunethem out afterwards to obtain a
phylogenetic estimate for the complete

taxa only. This approach follows the sug-
gestion of Swofford and Olsen (1990) that
additional taxa be included (to subdivide
long branches) but then removed after the
analysis and seems to reap the benefits of
including additional taxa without attempt-
ing to hypothesize relationships for taxa
that are incomplete. Our results from the
lizard and virus data suggest that this

" pruning approach does yield trees that are

more similar to the complete or correct
phylogeny than are the trees produced
when all the taxa are included. The dis-
advantage of this approach is that it does
not address the relationships of the incom-
plete taxa.

Another possible solution might be to
exclude those data sets scored for only a
limited number of taxa. This approach also
reduces the amount of missing data in a
matrix and seems to be widely used. Al-
though inclusion of taxa alone is unlikely
to be positively misleading (there are no
bad taxa, only bad characters—incomplete
taxa are only misplaced phylogenetically
through a combination of homoplasy and
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data set 1

data set 2

combined

FIGURE 6. Hypothetical example showing how different data sets, when combined, interact to change the
placement of a taxon (X) scored for only one of the data sets. When data sets 1 and 2 are combined, the
characters in data set 2 constrain C and D as sister taxa. Because C and D are sister taxa, characters 1 and 2
(in data set 1) do not reverse to unite A and B to the exclusion of X. Thus, X is most parsimoniously placed
as the sister taxon of B, even though data set 1 supports A and B as sister taxa and X is missing data for all
the characters in data set 2. Bars = character-state transformations; C = convergent/parallel acquisition of a

derived state; R = reversal to the primitive state.

ambiguity), addition of certain sets of char-
acters certainly can be misleading because
of homoplasy. However, we see no way in
which the mere incompleteness of the
characters can positively mislead. There
may be a variety of reasons why one might
want to exclude a set of characters from
phylogenetic analyses (e.g., ambiguous se-
quence alignment, nonindependence), but
excluding characters because of incom-
pleteness alone may lead to unnecessarily
discarding useful phylogenetic informa-

tion. :
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