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One of the driving forces behind a renewed interest in phylogeny is the real- 
ization that a phylogenetic context is critical for the study of a wide variety of 
evolutionary questions (e.g., Eldredge and Cracraft 1980; Felsenstein 1985; 
O'Hara 1988; Donoghue 1989; Fuak and Brooks 1990; Brooks and McLen- 
nan 1991; Harvey and Pagel 1991; Maddison and Maddison 1992; Eggleton and 
Vane-Wright 1994; Harvey et al. 1995). Of particular interest are questions 
about character evolution and adaptation•an area of investigation now com- 
monly known as comparative biology. A prominent and unresolved problem 
in comparative biology is whether it is appropriate to include certain characters 
as part of the data used to reconstruct a phylogenetic tree when the evolution of 
those same characters is the subject of investigation. One widespread belief is 
that including the characters of interest is logically circular and that independ- 
ent phylogenies (i.e., ones based on data other than the characters under inves- 
tigation) are needed to properly analyze character evolution (e.g., Coddington 
1988; Carpenter 1989; Lauder and Liem 1989; Olmstead 1989; Sytsma 1990; 
Brooks and McLennan 1991; McKey 1991; Vane-Wright et al. 1992; Hedges 
and Maxson 1996). An alternative and also widespread opinion is that the best 
inferences about character evolution must be based on the best estimates of phy- 
logeny, which must in turn be based on all of the available evidence•that is, 
including the characters of interest (e.g.. Kluge 1989; Donoghue and Sander- 
son 1992; Maddison and Maddison 1992; Swofford and Maddison 1992; Dele- 
porte 1993; A. de Queiroz and Wimberger 1993; McKitrick 1993; Lee 1997). 
Because the characters of interest are often morphological, the issue of whether 
to include or exclude those characters has become entangled with another 
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debate about the use of morphological versus molecular data in phylogeny re- 
construction (for reviews of the latter, see Hillis 1987; Patterson 1987; chapter 
1 of this book). Not surprisingly, authors who favor the use of molecular data 
for reconstructing phylogenetic trees commonly advocate excluding the char- 
acters of interest•particularly when those characters are morphological•and 
optimizing them on trees reconstructed entirely from molecular data (e.g., 
Hedges and Maxson 1996). 

In this chapter, I analyze the practices of including and excluding the char- 
acters of interest during the reconstruction of phylogenetic trees in relation to 
the logic of analyzing character evolution in a phylogenetic context. I explain 
part of the controversy about whether to include or exclude characters as a man- 
ifestation of alternative perspectives on the general nature of inferences. I argue 
that even within the context of a perspective that emphasizes inferential cau- 
tion, both including and excluding the characters of interest can lead to logical 
problems, which implies that although there is a valid concern about including 
the characters of interest during tree reconstruction, that concern cannot be ehm- 
inated by a simple rule to always exclude those characters. In hght of these con- 
clusions, I make both general and specific methodological recommendations 
about including and excluding characters that can be used to increase analyti- 
cal rigor in studies of character evolution. Although based largely on an earlier 
article (K. de Queiroz 1996), this chapter extends my earlier analysis in several 
ways, including considerations of how the controversy about including versus 
excluding the characters of interest relates to the controversy about morpho- 
logical versus molecular data, to prior assessments of homology versus anal- 
ogy, and to different general classes of analyses. I have also expanded and mod- 
ified the discussions of logical problems and methodological recommendations, 
including several examples from empirical studies. 

DIFFERENT GENERAL PERSPECTIVES 

The controversy about whether it is preferable to include or exclude the char- 
acters of interest stems, at least in part, from alternative general perspectives 
concerning the nature of inferences about character evolution. The different 
general perspectives can be characterized as attempting to make the inference 
that is most likely correct versus attempting to make an inference that is un- 
likely to be incorrect. These two perspectives are distinct•that is, they are not 
merely different ways of describing the same concern. Seeking the inference or 
estimate that is the most likely to be correct is an inherently bold or liberal ap- 
proach in that magnitude of the difference between the best and second best es- 
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tímate (as judged by some optímaüty criterion) is irrelevant. The best estimate 
is still the best estimate regardless of how much better it is than the next best 
estimate. A statistical example is point estimation, in which the inference or es- 
timate that maximizes or minimizes some quantity is taken as the best estimate 
regardless of the magnitude of the difference between its value and those of al- 
ternative estimates. In this context, it makes sense to include all relevant char- 
acters in the data used to reconstruct the phylogenetic tree•even the charac- 
ters of interest. To the extent that the information in the characters of interest 
is not predominantly misleading, those characters provide evidence about the 
phylogenetic relationships of the taxa in which they occur and thus also about 
their own evolution. Excluding that information can be expected to decrease the 
ability of any tree-based analytical method to yield the correct inference. 

In contrast, seeking an inference or estimate that is unlikely to be incorrect 
is an inherently cautious or conservative approach in that the magnitude of the 
difference between one estimate and another is crucial. An estimate that is only 
marginally better than an alternative is much more likely to be incorrect than 
one that is substantially better, and a cautious researcher may prefer to abstain 
from making an inference when the best estimate has more than a very low 
probability of being incorrect. A statistical example is significance testing, 
which adopts the convention of rejecting the null hypothesis only when the data 
have a very low probability (<0.05) if the null hypothesis is true; but by that 
same convention, necessitates that in many cases one will be unable to reject 
the null hypothesis (i.e., make an inference) even though it is false. In this con- 
text, it sometimes makes sense to exclude the characters of interest from the 
data used to reconstruct the phylogenetic tree (see below). To the extent that in- 
cluding the characters of interest influences the outcome of an analysis in one 
direction or another, that practice can be expected•at least in some cases•to 
compromise the cautious or conservative nature of the inference. 

Although these alternative perspectives lead researchers to opposite conclu- 
sions about whether to include or exclude the characters of interest, the per- 
spectives themselves are complementary rather than contradictory. There is no 
contradiction in recognizing that the inference that is most likely correct may 
still have a relatively high probability of being incorrect•that the single best 
estimate of a parameter is not necessarily a conservative estimate. Moreover, 
there is no reason to question the validity of either general perspective; both re- 
flect legitimate goals and concerns. In the rest of this chapter, however, I will 
(for the most part) restrict my discussion to the general perspective that em- 
phasizes the avoidance of incorrect inferences, because this is the context within 
which concerns about including the characters of interest are most relevant. 
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LOGICAL FALLACIES AND RELATED 
INFERENTIAL PROBLEMS 

Among authors who advocate excluding the characters of interest, there is a 
widespread opinion that including those characters is tantamount to fallacious 
reasoning (e.g., Felsenstein 1985; Coddington 1988; Olmstead 1989; Sytsma 
1990; McKey 1991 ; Vane-Wright et al. 1992; Sillén-Tullberg and M0ller 1993; 
Block and Finnerty 1994; Meyer et al. 1994; Hedges and Maxson 1996). How- 
ever, just because a practice can compromise an inference does not mean that 
it necessarily will in all cases. I next examine the issue of logical fallacies in 
greater detail to show that previous statements about the problem have been 
oversimplified. I do so by applying some general ideas about inferential logic 
to the specific case of character evolution, arguing that the existence of logical 
problems in such studies is dependent on how the assumptions inherent in spe- 
cific methods or practices bear on the specific inferences or conclusions of an 
analysis. This perspective is implicit in several earlier papers (e.g., Maddison 
1990; Harvey and Purvis 1991; Armbruster 1992, 1993; Maddison and Mad- 
dison 1992; Swofford and Maddison 1992; Deleporte 1993; A. de Queiroz and 
Wimberger 1993) but has not previously been presented as a detailed and ex- 
plicit argument. 

Arguing in a Circle H ü 

The problem of including the characters of interest has most commonly been 
characterized as an example of logical circularity, or at least potential circular- 
ity (e.g., Felsenstein 1985; Coddington 1988; Olmstead 1989; Sytsma 1990; 
McKey 1991; Armbruster 1992, 1993; Donoghue and Sanderson 1992; Vane- 
Wright et al. 1992; A. de Queiroz and Wimberger 1993; Sillén-Tullberg and 
M0ller 1993; Block and Finnerty 1994; Meyer et al. 1994; Hedges and Maxson 
1996). Although there are precedents for this characterization, it is also poten- 
tially misleading. In the following discussion, I adopt the terminology of the 
Oxford English Dictionary (Second Edition, Oxford University Press, 1989), 
which uses different and descriptive terms to distinguish between two different, 
though related, classes of logical fallacies. 

The fallacy termed "arguing or reasoning in a circle" (also "vicious circle" 
or "circular reasoning") is an invalid form of argument in which a proposition 
is used to establish a conclusion, and afterwards the proposition is justified by 
means of the very conclusion that it was previously used to establish. The de- 
scription of the argument as circular derives from the fact that proposition and 
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conclusion depend on one another in such a way that the inferential sequence 
has no clear starting point. A phylogenetic example would be using a tree re- 
construction method that minimizes instances of homoplasy (e.g., parsimony), 
obtaining a result in which homoplasy is rare, and then using that result to jus- 
tify use of the method that minimizes homoplasy. 

The practice (proposition) in question here is that of including certain char- 
acters as part of the data used to estimate a phylogenetic tree, which then serves 
as the basis for inferences about the evolution of those same characters. In this 
case, a circular argument would be one in which a conclusion reached in an 
analysis that included the characters of interest was then used to justify the very 
practice of including those characters. This is not, however, the kind of logical 
problem about which comparative biologists have been concerned. In attempt- 
ing to avoid circularity by excluding the characters of interest, comparative 
biologists have been concerned about their conclusions regarding character 
evolution•^not about arguments or justifications for including the characters of 
interest. In other words, they have been concerned only with the validity of 
using a particular practice to arrive at a result or conclusion rather than with the 
full circle that then uses the result or conclusion to justify the original practice. 
Strictly speaking, this is not arguing in a circle (see also Maddison and Maddi- 
son 1992; Swofford and Maddison 1992). ^vn 

Begging the Question t/ 

The fallacy termed "begging the question" (also "petitio principiC') is more rele- 
vant to the issue of including the characters of interest in that it bears on the 
logic of establishing conclusions (i.e., as opposed to justifying initial proposi- 
tions). To beg the question is to take for granted the matter in dispute or, more 
specifically, to assume the conclusion in the premises of the argument. A phy- 
logenetic example would be reconstructing phylogenies using a method that ex- 
plicitly or implicitly assumes evolutionary rate constancy among lineages (e.g., 
phenetic clustering) and then concluding, based on those phylogenies, that rates 
of evolution among lineages have been constant. 

Strictly speaking, most analyses of character evolution that include the char- 
acters of interest during tree reconstruction do not constitute examples of beg- 
ging the question. Including the characters of interest will seldom precisely en- 
tail whatever conclusion is ultimately reached concerning the evolution of those 
characters, though it is at least possible to contrive an example in which it does 
(e.g., arguing for the single origin of a particular character when that character 
was the only datum used to reconstruct, using parsimony, the phylogenetic tree 
upon which the conclusion of a single origin is based). On the other hand, less 
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extreme influences on the outcome of at least some types of analyses regard- 
ing character evolution are expected to occur more commonly (see below). 
Therefore, in the context of an approach that favors inferential caution, there 
is at least a potential problem with including the characters of interest. That 
problem is conceptually related to the fallacy of begging the question, the dif- 
ference being that the premises exert an undesirable influence on the conclu- 
sions without fully assuming them. •- ;     ,, • 

Inappropriately Influencing the Analysis ^ 

Various practices can systematically influence an analysis so that the analysis 
tends to favor a particular outcome or result. If the result that tends to be favored 
by a particular method or practice is the same one obtained in an analysis using 
that method, then a logical problem exists•namely, it is ambiguous whether 
the result is attributable to the data per se or whether it is an artifact of the 
methodological influence. I call this problem "inappropriately influencing the 
analysis." It does not require that the practice (premise) in question fully as- 
sumes the result (conclusion) but only that it tends to favor that result by influ- 
encing the analysis in that direction. Begging the question refers to a situation 
in which the practice in question makes a particular result inevitable and thus 
can be viewed as the most extreme form of an inappropriate influence. 

The example used above to illustrate the fallacy of circular reasoning includes 
an example of an inappropriate influence (which nonetheless constitutes only 
part of the full circle illustrated in that argument). If one is going to conclude 
that homoplasy is rare based on the reconstruction of character state transfor- 
mations on a phylogenetic tree, then the use of tree (and character state) re- 
construction methods based on parsimony introduces an inappropriate influ- 
ence. Although parsimony methods do not preclude the possibility of obtaining 
results in which homoplasy is inferred to be common (Farris 1983), they mini- 
mize and thus systematically underestimate homoplasy, which biases the analy- 
sis in favor of the conclusion that homoplasy is rare. 

Problematic and Nonproblematic Influences 

Not all systematic influences are logically problematic. Consider, once again, 
the use of parsimony methods in evaluating the commonness of homoplasy, ex- 
cept this time with the finding that homoplasy is common. The same bias exists 
as in the previous example, but this time it is not the source of inferential am- 
biguity. Because the method biases the analysis in favor of the inference that 
homoplasy is rare, obtaining the result that homoplasy is common cannot be at- 



198      •      K. DE QUEIROZ 

tributed to the methodological influence. Indeed, given that the method is bi- 
ased against the finding that homoplasy is common, the analysis would have 
to be considered conservative with respect to that result. The influence is un- 
problematic, and it might even be considered appropriate or desirable, given the 
results. 

Generalizing from the previous examples, we can conclude that the appro- 
priate versus inappropriate nature of a given influence depends on the context. 
An influence that tends to favor a particular hypothesis is problematic and thus 
inappropriate if that hypothesis is supported by the results of an analysis con- 
taining the influence in question. But an identical influence is nonproblematic 
and appropriate, in the sense of strengthening the inference, if the hypothesis 
favored by the influence is contradicted and thus an alternative hypothesis is 
supported by the results. The concepts of appropriate and inappropriate influ- 
ences are closely related to the concepts of conservative and liberal tests. An 
appropriate influence makes a test more conservative, whereas an inappropri- 
ate one renders a test more liberal. In any case, the critical issue in classifying 
a systematic methodological influence as appropriate or inappropriate is whether 
the results are potentially attributable to that influence, because that is what 
compromises the reliability of the inference. 

A systematic influence can also be considered nonproblematic if it is neutral 
with respect to the hypotheses being evaluated. If the influence in question does 
not favor any of the hypotheses under consideration, then it causes no inferen- 
tial ambiguity regardless of which hypothesis is supported by the results. For 
example, the use of tree reconstruction methods based on parsimony would not 
be problematic with regard to the question of whether rates of evolution have 
been constant or variable among lineages. Insofar as those methods bias the 
results in terms of the frequency of homoplasy rather than the distribution of 
character transformations among lineages, they do not bias the results in favor 
of either constant or variable rates.' 

In short, the classification of a given influence as problematic (inappropriate) 
or nonproblematic (appropriate or neutral) depends on the specific circum- 

'On the other hand, use of specific parsimony-based optimization methods, such as accelerated versus 
delayed transformation (Swofford and Maddison 1987), might well bias inferences about evolutionary 
rates in individual lineages. It should also be noted that although certain patterns of rate inequality may 
cause parsimony methods to construct the inconect topology (Felsenstein 1978), the problem does not 
result from rate inequality per se but rather from certain patterns of branch length inequality (Hendy 
and Penny 1989). Moreover, the patterns of branch length inequality in question do not necessarily pre- 
vent parsimony methods from identifying rate inequalities, though in cases of "long edge [branch] at- 
traction" (Hendy and Penny 1989), the lengths of long branches will be underestimated and those of 
certain short branches will be overestimated.        .1' i\ii. -i v.j; ;(iitiUiiî''^< .'jtm fi <•: 
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Stances of an analysis. In particular, it depends on how that influence affects the 
results of the analysis with respect to the specific hypothesis under considera- 
tion. Because of this context dependence, the same influence can be appropriate 
in one situation, neutral in another, and inappropriate in yet another. Con- 
sequently, it is simplistic to reject a given method or practice without consider- 
ing the specific relationship between the systematic influences inherent in that 
method and the hypothesis that is supported by the results of an analysis in 
which it is employed, and it is almost certainly incorrect to think that a given 
method or practice will be logically problematic in all cases. 

PROBLEMS ASSOCIATED WITH INCLUDING (AND 
EXCLUDING) THE CHARACTERS OF INTEREST 

In the context of the analysis presented above, it should not be surprising that 
including the characters of interest•or, for that matter, excluding them•leads 
to logical problems in some cases but not in others. The existence of a logical 
problem depends on how each practice bears on the hypotheses under consid- 
eration. Consider, for example, a study that seeks to assess whether the distri- 
bution of a character (state) among species is the result of single versus multi- 
ple evolutionary origins. In such a study, including the character of interest can 
be expected to influence the results in favor of a single origin, particularly when 
parsimony methods are used to reconstruct the phylogenetic tree. Because par- 
simony methods minimize total homoplasy, including the character of interest 
will tend to give results in which the numbers of its own reconstructed origins 
and losses are reduced relative to reconstructions on trees upon which that char- 
acter had no influence (Maddison 1990; Maddison and Maddison 1992; Swof- 
ford and Maddison 1992). Such reductions will be logically problematic if the 
results support the hypothesis of a single origin. Because including the charac- 
ter of interest is expected to increase the chances that the results will indicate a 
single origin, that inference is not particularly cautious, and the practice of in- 
cluding the character of interest constitutes an inappropriate influence (but see 
below). 

Nevertheless, if the results support the alternative hypothesis of multiple ori- 
gins, then including the character of interest is not logically problematic. Be- 
cause this practice will tend to influence the results in favor a single origin, a 
result indicating multiple origins is not called into question by that practice. In 
this case, the inference of multiple ôrîgînS'îs conservative and the influence as- 
sociated with including the character of interest is appropriate (but see below). 
For similar reasons, excluding the character of interest will be logically prob- 
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lematic if the results favor multiple origins, but it will not be problematic if they 
favor a single origin. Thus, with respect to the question of single versus multi- 
ple origins, both including and excluding the characters of interest can system- 
atically influence the results. Whether the influence associated with either prac- 
tice is appropriate or inappropriate, however, depends on which hypothesis is 
supported. 

In other cases, the influence associated with including the characters of in- 
terest is not problematic, but for a different reason. Consider, for example, stud- 
ies investigating the potential correlated evolution of two characters (Felsen- 
stein 1985; Maddison 1990; Pagel 1994). Maddison (1990) pointed out that in 
his parsimony-based method for analyzing correlated character evolution, in- 
cluding the characters of interest will tend to reduce the number of gains and 
losses in those characters relative to optimizing them on a tree upon which they 
had no influence. Therefore, he concluded that including the characters of in- 
terest will likely render the test more conservative because with fewer changes 
it will be more difficult to obtain a significant correlation. For the same reason, 
excluding the characters of interest will likely render the test more liberal. It 
should be noted that the systematic influence in this case merely affects the 
number of observations, rather than specifically favoring a correlation between 
the characters or the lack thereof. It is also important to note that including the 
characters of interest•rather than excluding them•is expected to result in a 
more conservative test. 

In still other cases, neither including nor excluding the characters of interest 
is expected to constitute a problematic influence. Consider an analysis of 
whether rates of evolution for a particular set of characters have been constant 
or variable among certain lineages. Although reconstructing the phylogeny ei- 
ther including or excluding the characters of interest may influence the num- 
bers of inferred changes in those characters, neither practice is expected to pre- 
dispose the analysis to distribute the changes equally over branches of equal 
temporal duration or to concentrate them in one or a few such branches. There- 
fore, provided that the methods of tree reconstruction and character optimiza- 
tion do not contain inherent rate biases, the characters of interest can be opti- 
mized on a tree derived from an entirely different set of characters, or they can 
be optimized on a tree based entirely on the characters of interest. Neither prac- 
tice should compromise the rigor of the analysis by influencing the results in 
favor of either constant or variable rates. 

From the examples presented above, we can conclude that both including and 
excluding the characters of interest can systematically influence the outcome of 
an analysis. Whether such an influence is logically problematic, however, de- 
pends on the specifics of the situation. In some cases, including the characters 
of interest constitutes an inappropriate influence; in other cases, excluding those 
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characters constitutes an inappropriate influence; and in still other cases, nei- 
ther practice constitutes a significant influence. Consequently, inferential rigor 
cannot be guaranteed by adopting a simple rule to always exclude (or include) 
the characters of interest. Indeed, adopting a such a rule can sometimes have 
the opposite effect intended by the researcher•that is, it can result in a less rig- 
orous analysis. Sound inferences require careful consideration of how each prac- 
tice is expected to influence the results of a given analysis and how those influ- 
ences bear on the evaluation of the specific hypotheses under consideration. 

MORPHOLOGY VERSUS MOLECULES 

Concerns about including versus excluding characters are most often raised in 
reference to morphological characters (and to a lesser extent, behavioral, eco- 
logical, and physiological ones). On the one hand, biologists commonly have 
an interest in the evolution of morphological characters (as well as behavioral, 
ecological, and physiological ones); on the other hand, morphological charac- 
ters (unlike behavioral, ecological, and physiological ones) are the data most 
often available for reconstructing phylogenies•indeed, in many cases they are 
the only available data. According to biologists who believe that including the 
characters of interest is logically problematic, the solution is to reconstruct the 
tree based on an "independent" data set, most often a molecular one (e.g.. 
Hedges and Maxson 1996). But biologists are also interested in the evolution 
of molecular characters, and one rarely, if ever, hears the argument that phylo- 
genies based on an "independent" morphological data set are needed to analyze 
the evolution of molecular characters, though this conclusion follows from the 
premise that including the characters of interest is logically problematic (see 
also Lee 1997). 

This discrepancy may be attributable, at least in part, to a difference in the 
kinds of questions that are being investigated concerning the evolution of 
molecular versus morphological characters. For example, studies about the evo- 
lution of molecular characters more commonly address issues about rates of 
evolution, while those about the evolution of morphological characters more 
commonly address issues about single versus multiple origins. Given this situ- 
ation and the conclusions (see preceding section) that biases associated with in- 
cluding and excluding the characters of interest generally are not problematic for 
studies of evolutionary rates, but can be for studies of single versus multiple 
character state origins, perhaps including the characters of interest presents 
fewer problems for molecular characters. Nevertheless, the discrepancy also 
seems to reflect, at least in part, a prejudice on the part of certain researchers 
against morphological (as well as ecological, physiological, and behavioral) 
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characters relative to molecular ones. For example, though largely unsubstan- 
tiated (Sanderson and Donoghue 1989), there is a widespread opinion that mor- 
phological characters are more subject to homoplasy than molecular ones (e.g.. 
Hedges and Maxson 1996). But regardless of the relative frequency of homo- 
plasy in different classes of characters, my previous conclusions about the in- 
fluences associated with including and excluding the characters of interest do 
not justify different standards for morphological versus molecular characters. 
If the practice of including (or excluding) the characters of interest introduces 
an inappropriate influence, then a logical problem will exist regardless of 
whether the characters of interest are morphological or molecular. Similarly, if 
the practice of including (or excluding) the characters of interest does not in- 
troduce an inappropriate influence, then no logical problem will exist regard- 
less of whether the characters of interest are morphological or molecular. 

Another manifestation of the prejudice against morphological characters is 
the extremely questionable practice of excluding all morphological characters 
on the grounds that the characters of interest are morphological (e.g.. Block and 
Finnerty 1994; Meyer et al. 1994). As noted above, it may sometimes be justi- 
fiable to exclude the characters of interest to avoid an inappropriate influence, 
and it may even be justifiable to exclude other characters if they are thought to 
be adaptively (i.e., functionally and phylogenetically) correlated with the char- 
acters of interest. For example, someone studying the evolution of pollination 
systems might want to exclude certain characters, such as stamen length, that 
are thought to be an integral component of the pollination system. It is not 
justifiable, however, to exclude characters on the basis of their sharing some 
property with the characters of interest that has no bearing on the hypothesis 
or inference in question. Thus, when investigating the evolution of a particular 
morphological character, it is not justifiable to exclude other characters that are 
not thought to be adaptively correlated with the character of interest for the ir- 
relevant reason that those characters also happen to be morphological (see also 
Donoghue and Sanderson 1992). 

HOMOLOGS VERSUS ANALOGS 

There are some cases in which it is reasonably clear that the characters of in- 
terest should not be included as part of the data used to reconstruct the phylo- 
genetic tree. These are cases in which the characters of interest are classes of 
traits, often defined in terms of function, which are considered analogous rather 
than homologous prior to the phylogenetic analysis (usually on the grounds of 
similarity). For example, the class of traits referred to as floral color change may 
involve the petals in some species, the ovary in others, and the stamens in still 
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others (Weiss 1991). Similarly, the class of traits known as sexual dimorphism 
includes both cases in which males are larger than females and those in which 
females are larger than males. To the extent that such classes of traits are con- 
sidered to consist of non-homologous components, they are likely to be mis- 
leading regarding phylogenetic relationships and thus should not be included• 
at least not as functionally defined classes•in the phylogenetic analysis 
(McLennan and Brooks 1993). This does not mean, however, that the individ- 
ual components should not be included. Provided that those components con- 
sist of traits that are considered potentially homologous, they might well be in- 
cluded. Thus, although one might not want to include a character with the states 
"sexual dimorphism absent" and "sexual dimorphism present"; it might never- 
theless be acceptable (at least in some cases) to include a character with the 
states "males larger than females," "males and females of equal size," and "fe- 
males larger than males." Furthermore, just because the different instances of 
a functionally defined character are not the same (identical) does not mean that 
they are not potential homologs. For example, the fact that cooperative breed- 
ing in birds includes systems with both male and female helpers, as well as sys- 
tems with male helpers only, does not mean those systems are necessarily non- 
homologous (contra McLennan and Brooks 1993). It is at least possible that a 
system with male and female helpers has been derived from one with male 
helpers only. All of these considerations apply primarily to studies that seek 
inferences that are the most likely to be correct. If, on the other hand, the pri- 
mary concern is inferential caution, it may sometimes be permissible to include 
a character even when it is thought to include non-homologous components• 
if doing so makes the basis for an inference more conservative. For example, 
the inference that floral color change has evolved multiple times within flow- 
ering plants would only be strengthened by including the character "floral color 
change" (i.e., regardless of the specific structures involved) in the phylogenetic 
analysis, since this practice would tend to bias the analysis against the inference 
of multiple origins. 

DIFFERENT TYPES OF STUDIES p.)     \;i^.i    i 

Studies of character evolution can be classified in several ways with regard to 
some very general properties. Some generate new hypotheses, while others test 
existing hypotheses. Some evaluate the relative support for two or more alter- 
native hypotheses (e.g., single versus multiple origins), while others attempt 
to reject a null hypothesis (e.g., no phylogenetic association between charac- 
ters). Some focus on individual character transformations (e.g., origin of the 
avian flight apparatus), while others emphasize general classes of character 
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transformations (e.g., origin of cooperative breeding in all taxa in which it oc- 
curs) (see McLennan and Brooks [1993] and Edwards and Naeem [1994] for 
different perspectives on this issue). These different classes of studies have 
somewhat different consequences for the practices of including and excluding 
the characters of interest. 

On the one hand, studies in many of the categories commonly adopt the per- 
spective described above that seeks the estimate or inference about character 
evolution that is the most likely to be correct regardless of how much better it 
is supported than an alternative inference. For example, in proposing an hy- 
pothesis about the evolution of a particular character, one might accept the most 
parsimonious reconstruction of character state transformation inferred from the 
minimum length tree. Or one might favor whichever hypothesis, single or mul- 
tiple character state origins, maximized the value of the relevant Ukelihood func- 
tion on a given tree. The only studies that seem to be prohibited from adopting 
this perspective are those that explicitly attempt to reject a null hypothesis• 
that is, studies involving significance testing. By adopting the convention of re- 
jecting the null hypothesis only when the data have a relatively low probabil- 
ity if the null is true, such studies implicitly adopt the alternative perspective of 
accepting an inference only if it is unlikely to be incorrect. In any case, under 
the perspective that seeks the single best estimate or inference about character 
evolution, it may generally be preferable to include the characters of interest 
not regardless of, but in that context because of, their potential influence on 
the results. Provided that the characters of interest contain phylogenetic infor- 
mation, that information is expected to improve the accuracy of inferences about 
their own evolution. 

Even within the context of the perspective that emphasizes inferential cau- 
tion, there are important differences between generating hypotheses and eval- 
uating the relative merits of alternative hypotheses, on the one hand, and at- 
tempting to reject null hypotheses, on the other. When attempting to reject a null 
hypothesis, that hypothesis is explicitly identified prior to the analysis. There- 
fore, provided that the influence of excluding or including the characters of in- 
terest on the attempt to reject that hypothesis can also be determined prior to 
the analysis, the practice that renders the test more conservative can simply be 
chosen (but see below). Of course, failure to reject the null hypothesis should 
not be interpreted as support for the null hypothesis, since the influence asso- 
ciated with either including or excluding the characters of interest has been ex- 
ploited to make the test more conservative•that is, to make it more difficult 
to reject the null hypothesis even if it is false. 

In contrast, when a phylogenetic analysis is used to generate, rather than to 
reject, an hypothesis about character evolution, that hypothesis in many cases 
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will not have been identified prior to the analysis. This will make it impossible 
to know the influence of either including or excluding the characters of inter- 
est on the hypothesis in question until after the analysis has been performed and 
the hypothesis generated. Similar problems arise in analyses that simultaneously 
evaluate alternative hypotheses. In such analyses, it may be possible to deter- 
mine which practice, including or excluding the characters of interest (if either), 
should tend to favor a particular hypothesis (but see below). Nevertheless, if the 
hypotheses are strict alternatives•such that contradiction of one implies sup- 
port for the other and vice versa•then the outcome of the analysis becomes 
critical. In other words, it may still be impossible to identify the practice that 
results in a more conservative inference until after the analysis has been con- 
ducted, since one must first know which practice favors the inference that is ac- 
tually supported by the analysis. 

RECOMMENDATIONS 

Given that both including and excluding the characters of interest can potentially 
compromise the conservativeness of an analysis, and given that in some cases it 
is not possible to identify which practice will do so prior to the analysis, how are 
comparative biologists to achieve logically sound inferences about character evo- 
lution? Although this question has not yet received a great deal of attention, sev- 
eral authors have already used methods or approaches that deal with the prob- 
lem of including and excluding characters in more sophisticated ways. I will next 
review some these methods in an attempt to provide some practical guidance. My 
intent is not so much to endorse the particular methods that I discuss but rather 
to use those methods as examples of a general approach to analyses of charac- 
ter evolution whose conclusions do not suffer from inappropriate influences. 

; Perhaps the most straightforward approach is to conduct phylogenetic analy- 
•\ ses both including and excluding the characters of interest. If the trees resulting 
' from the separate analyses turn out to be identical in terms of whatever prop- 

erties might affect the inference about character evolution (e.g., topology, 
branch lengths•though the latter are unlikely to be identical if they are esti- 
mated from the data that includes and excludes the characters of interest), then 
the inclusion versus exclusion of the characters of interest is irrelevant to in- 
ferences about their evolution. Evolutionary transformations in the characters 
of interest are simply reconstructed on the tree and the appropriate inferences 
about character evolution are drawn from them. On the other hand, if the trees 
resulting from the separate analyses differ, then transformations in the charac- 
ters of interest are reconstructed on the alternative trees and inferences about 
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character evolution are drawn from them. If the inferences about character evo- 
lution are identical,^ then the inclusion versus exclusion of the characters of 
interest is irrelevant, and the results can be accepted. If, on the other hand, the 
results based on the alternative trees differ, then relationships critical to evaluat- 
ing the relative merits of the inferences in question are too tenuous for either to 
be accepted as a conservative inference. A better supported phylogeny and hence 
more data are needed (see also Swofford and Maddison 1992; Losos 1994). 

The approach described above should be useful both for generating hy- 
potheses about character evolution and for evaluating the relative merits of al- 
ternative hypotheses. A variant of it was used by Armbruster (1993) in his analy- 
sis of pollination and mating system evolution in Dalechampia, a clade of 
neotropical vines. Although Armbruster excluded the characters of interest from 
his phylogenetic analyses, he was nevertheless concerned about possible cor- 
relations between those characters and some of the characters that were used 
to reconstruct the phylogeny, particularly those describing certain aspects of flo- 
ral morphology. Therefore, he performed separate phylogenetic analyses in- 
cluding and excluding the morphological characters that he believed might be 
correlated with pollination and mating systems. He found that the separate 
analyses yielded similar trees, with the main difference being that the tree for 
the reduced data set (presumably a consensus tree) had fewer resolved nodes. 
Several of Armbruster's inferences about the evolution of pollination and mat- 
ing systems in Dalechampia were supported by both analyses, including the in- 
ference that pollination systems have been evolutionarily labile. Those infer- 
ences apparently are not dependent on including (or excluding) characters of 
floral morphology that are potentially related to pollination and mating systems. 

Another method based on including and excluding characters was used by 
Ronquist (1994) in his analysis of the evolution of a type of nest parasitism in 
cynipid wasps. Some species of cynipids, known as inquilines, cannot induce 
galls in plants; instead, they are nest parasites whose young develop in the galls 
induced by other species of cynipids, the hosts. Ronquist wished to address the 
question of whether the inquilines had originated once, presumably from one 
of their hosts, and later spread to other hosts (inquiline monophyly), or whether 
each inquiline had originated separately, presumably from its host (inquiline 
polyphyly). He was concerned, however, that a phylogenetic analysis might be 
confounded by convergence, either among the inquilines, because of their sim- 
ilar parasitic mode of life, or between parasites and hosts, because of their sim- 
ilar environments. He reasoned that if the characters responsible for grouping 

^This is not necessarily the same as saying that the reconstructions of individual character transforma- 
tions are identical•particularly when inferences about character evolution are generalizations about 
classes of character transformations. 
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taxa together (whether different parasites or hosts and their parasites) in an ini- 
tial analysis were convergent, then removal of those characters should result in 
a fundamental change in relationships (so that, for example, a parasite might 
first be grouped with its host, but afterwards with other parasites). On the other 
hand, if the characters were indicative of the true relationships, then their 
removal should result only in a loss of resolution. Ronquist performed an analysis 
incorporating this reasoning on 12 taxa of cynipid wasps, 4 of which were in- 
quilines. His initial analysis supported a single origin of the inquilines, and sub- 
sequent removal of characters common to all inquiUnes did not change this result. 
Support for the hypothesis of inquiline monophyly apparently is not simply the 
result of including convergent characters related to inquilinism in the analysis. 

Because multiple characters are generally used to reconstruct phylogenies, 
a potential exists for complex interactions among those characters in deter- 
mining the optimal tree(s). Consequently, it is not always possible to predict the 
effects of including versus excluding the characters of interest on the outcome 
of an analysis by simple deduction. A study by Weiler et al. (1995) on the evo- 
lution of breeding systems in Alsinoideae, a clade of endemic Hawaiian plants, 
illustrates this problem. Weiler et al. used parsimony-based methods to recon- 
struct phylogenetic relationships among species of Alsinoideae including and 
excluding a character describing the breeding system, as well as several other 
characters describing aspects of floral morphology that were thought to be re- 
lated to the breeding system. They then used the phylogeny and character op- 
timization methods based on parsimony to infer the number of times breeding 
system dimorphism (gynodioecy, subdioecy, dioecy) had evolved. One might 
expect that exclusion of the breeding system character from the phylogenetic 
analysis and optimizing it on the tree afterwards would lead to inferring an equal 
or greater number of origins for dimorphism than optimizing it on a tree based 
on a data set that included the character. However, Weiler et al. found that some 
of the most parsimonious trees required more origins of dimorphism when the 
breeding system character was included than when it was excluded. This re- 
sult was obtained in at least some cases under both accelerated and delayed 
transformation methods of character optimization and treating the character as 
either ordered or unordered. A similar result was obtained by Armbruster (1993) 
regarding the consistency index of his pollination system character, which was 
higher (indicating less rather than more homoplasy) when the characters thought 
to be related to it were excluded from the phylogenetic analysis. These examples 
indicate that the effects of including versus excluding characters may sometimes 
run counter to expectations, suggesting that it is advisable to examine those ef- 
fects empirically. 

The analysis of character evolution on alternative trees can be extended from 
the optimal trees based on the analysis of data sets including and excluding the 
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characters of interest to larger sets of trees•such as all the resolved trees de- 
rivable from a strict consensus tree of the optimal trees for data sets including 
and excluding the characters of interest, or a random sample of those trees. To 
the extent that additional trees allow for additional reconstructions of charac- 
ter evolution, this approach can be used to increase the conservativeness of an 
analysis, though it might also be expected to decrease analytical power (i.e., the 
ability to make an inference). Losos (1994) and Martins (1996) have proposed 
using computer simulations to generate sets of trees for unresolved parts of a 
phylogeny, and Martins (1996) has described methods for estimating the pa- 
rameter of interest, as well as confidence intervals, on sets of alternative trees. 

When attempting to reject a null hypothesis, it is sometimes possible to esti- 
mate both the phylogenetic tree and the evolution of certain characters simul- 
taneously, using the null hypothesis as a constraint in the estimation process. 
This approach was suggested with regard to testing for correlated character evo- 
lution by Felsenstein (1985) and Pagel (1994) and has recently found broad ap- 
phcation in comparative phylogenetic studies (Huelsenbeck and Rannala 1997). 
In the approach described by Felsenstein and by Pagel, the characters of inter- 
est are included in the data used to estimate the tree, and the optimality crite- 
rion, in this case the likelihood, is a single multivariate quantity describing both 
the tree and the parameter of interest (in this case, the correlations). The maxi- 
mum value of the likelihood function with the characters of interest uncon- 
strained (allowing for correlated evolution) is then compared, in terms of a sta- 
tistical criterion for significance, with the maximum likelihood obtained when 
the characters of interest are constrained to correspond with the null hypothe- 
sis (independent evolution). The significance testing approach guarantees con- 
servativeness in terms of the probability of rejecting a true null hypothesis, but 
the effect of simultaneously optimizing the character correlations and the tree, 
as opposed to optimizing the character correlations on a tree estimated from 
other characters is not obvious. Once again, the most straightforward way to de- 
termine that effect is to do the analysis both ways. 

CONCLUSIONS 

Sometimes a distinction is made between systematics, the discipline concerned 
primarily with reconstructing or estimating phylogenetic trees, and compara- 
tive biology, the discipline concerned primarily with using those reconstructed 
trees to study character evolution. Deleporte (1993), for example, categorized 
the biologists associated with those respective disciplines as "phylogeny mak- 
ers" and "phylogeny users." Although this dichotomy is useful for describing 



1 
Logical Problems Associated with Including and Excluding Characters   •     209 

different research emphases, it is also oversimplified. One thing that should be 
clear from the preceding analysis is that the rigorous evaluation of hypotheses 
about character evolution often demands the reconstruction or estimation of 
phylogenetic trees for that express purpose. In other words, comparative biol- 
ogists cannot afford to limit themselves to using trees generated by systema- 
tists; they need to be actively involved in tree reconstruction. This need is ob- 
vious in cases where no phylogeny or only a poorly resolved one is available; 
but the present analysis indicates that it is also important for achieving cautious 
or conservative inferences even when a resolved phylogeny is available. The 
benefits to comparative biologists of being versed in the analysis of systematic 
data•or alternatively, of working closely with systematists•are tremendous. 
Comparative biologists who are able to produce their own trees will be able to 
satisfy their own unique needs, from investigating the effects of including and 
excluding characters (e.g., Armbruster 1993; Ronquist 1994; Weiler et al. 1995), 
to generating sets of trees for unresolved parts of phylogenies (e.g., Losos 1994; 
Martins 1996), to comparing optimal unconstrained trees with those that are 
constrained to conform with various null hypotheses (e.g., Felsenstein 1985; 
Pagel 1994). But the benefits of generating trees for the express purpose of eval- 
uating evolutionary hypotheses are not limited to promoting more rigorous 
analyses in this area. One of the greatest benefits will be a more thorough inte- 
gration of systematics and comparative biology•two closely related fields that 
have much to gain from one another 
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