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Three-taxon analysis in it canonical form can always successfully recognize groups based
on putative reversals if latter are coded as separate states before three-taxon permutations
are derived from conventional matrices. This way of coding removes incongruence from
either conventional multistate or three-taxon matrices and makes the discussions about
symplesiomorphy as a putative homology unnecessary. The ability of conventional
parsimony to recognize reversal-based clades is technically nothing more than grouping
by plesiomorphic values. Therefore this solution cannot be accepted as a Cladistic
approach to data and must be correctly classified as “post-Hennigian” or “phenetic”. The
ability of three-taxon analysis to recognize groups based on the putative reversals may be
viewed as a heuristic cladistics attempts to prevent this “phenetic” approach affecting the

analysis of the data.
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INTRODUCTION

The inability to handle putative reversals is general criticism of three-taxon (or
three-item) analysis (3TA), one of the two approaches to Cladistics (Williams, 2002)
proposed by Nelson & Platnick (1991)(e. g., De Laet & Smets, 1998a,b; Farris, 1997,
2011, 2012; Farris et al., 2001; Kluge, 1994; Kluge & Farris, 1998, 1999). Due to the
gross exaggeration of this issue (e. g., Farris, 2011, 2012, among others), the
development of 3TA has been largely suspended. This hiatus seems to be completely
artificial (Zaragiieta- Bagils ef al., 2012; Mavrodiev & Madorsky, 2012; Grand et al.,
2013;, Hoagstrom et al., 2014; Mavrodiev et al., 2014).

Given this, why 3TA important for systematic community? In addition to the
detailed reviews of Williams & Ebach (2008, 2009) that contained the summaries of
logical, philosophical and other arguments, I would like to stress the single
methodological point that has been fairly well established in the past (de Pinna, 1996). As
it was clearly summarized in the first issue of the journal “Cladistics” (Platnick, 1985:
88), phenetics is the theory of grouping by “overall” or “raw” similarity; that is, using
both “zeros” and “ones” of the binary matrix. In contrast, the Hennigian cladistics is the
theory that groups only on synapomorphies (like, on the “ones” of the binary data)(e. g.,
Platnick, 1985, see also Platnick, 2013). Today 3TA is the only Cladistics method, that
avoid grouping by plesiomorphic values (like, by “zeros” or by “zeros” and “ones” of the
polarized binary matrix). Therefore now the 3TA is the only correct implementation of
Hennigian paradigm in its essence, which we can describe as grouping based on

synapomorphy (e. g., Platnick, 1985, 2013).

2

Peer] PrePrints | https://dx.doi.org/10.7287/peerj.preprints.979v1 | CC-BY 4.0 Open Access | rec: 13 Apr 2015, publ: 13 Apr 2015




Here I will show that the 3TA in its canonical form (Nelson & Platnick, 1991) can
always successfully recognize groups based on putative reversals (Nelson and Platnick,
1991) if the latter are coded as separate states before three-taxon permutations are
derived from conventional matrices. Also, as was shown some while ago, in many cases
fractional weighting (Nelson & Ladiges, 1992, 1993, see also Kitching et al., 1998 and
for the summary) is sufficient to make such recognition as well (Siebert & Williams,
1998). The parametric solutions are also available (Mavrodiev, in prep.), but here I would
like to discuss problem within a clear Hennigian framework.

To address whether 3TA can or cannot recover reversals, we have first to
distinguish between two different cases:

1. Aposteriori treatment of some characters or character states as a putative
reversals based on the results of phylogenetic analysis, and

2. The treatment of characters or states as a putative reversals based on another
source of evidence, rather than the results of phylogenetic analysis, apriori to this
analysis.

What a “reversals” ? Grouping solely by synapomorphy is largely rejected by a
majority of phylogeneticists (e.g., Nixon & Carpenter, 2012; Waegele, 2005; Brower &
de Pinna, 2014), even though it underpins Hennigian phylogenetic systematics (e.g.,
Donoghue & Maddison 1986; Wheeler et al., 2013). In order to address this
contradiction, phylogeneticists since the 1970s have given phenetic notion of grouping by
plesiomorphy a Hennigian-like explanation, that has manifested itself as ad hoc idea of
“evolutionary reversals” (Williams, Ebach, 2008, 2012). In other words, the term

“evolutionary reversals” is equivalent to “symplesiomorphic character-states inferred
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after optimization” (see Williams & Siebert, 2000). Therefore the first case is logically
flawed. For example, a “reversal” or “groups based on reversals, may simply be an
artifact of the coding procedure, grouping, analysis or the inefficiency of an algorithm
(Ebach et al., 2013), among other things. We also still need some evidence to validate
that the results of our optimizations are true and rooted not only in algorithm itself.

The second case is much more interesting. What sources of evidence are
convincing enough that a character-state is a putative reversal?

One may argue that there are at least two ways to determine putative reversals:

1. through formal biological reasons, and

2. through the visual examination of the data matrix a priori to analysis (see
Waegele, 2005: 235 and other on visual matrix-based estimation of putative
apomorphies). This way is especially relevant for relatively small matrices, such all
matrices-examples analyzed below (Fig. 1-2).

Again, one may note that the recognition of the putative reversals before analysis
makes little sense and adds nothing useful. However, “obvious” putative reversals are
recognizable either through the optimization of the binary characters (e.g., Kluge, 1994,
Farris, 1997), or by visual examination the data matrix before analysis:

“In matrix Z there are reversals in the first two characters in terminal G, which
otherwise shares the apomorphies of F”” (Farris, 1997: 135, my italics).

“The matrix of Fig. 4 shows a similar pattern of reversals” (Farris, Kluge, 1998:
352, my italics).

“The most parsimonious tree (Fig. 1A) has groups (I(JK)), distinguished by
obvious reversals (the 0 states of I-K in the matrix) (Farris, Kluge, 1998: 351, my italics).

"In Fig. 5 (which is “Matrix illustrating reversal”, EM) deeply nested

apomorphies make it obvious that the Os of V-Z are reversals, and it is then easily seen
that these provide synapomorphies for a nested series of monophyletic groups

4

Peer] PrePrints | https://dx.doi.org/10.7287/peerj.preprints.979v1 | CC-BY 4.0 Open Access | rec: 13 Apr 2015, publ: 13 Apr 2015




(V(W(X(YZ)))). The most parsimonious tree Fig. 54 recognizes these” (Farris, Kluge,
1998: 353-354, my italics).

Even if one may note that all cited matrices (Farris, 1997: 153; Farris, Kluge,
1998: 351-354, see also Fig. 1-2) are made-up data to show a "true" solution under
conventional parsimony, the whole procedure of the making matrices-examples is shown
that the putative reversals are assumable before analysis, and the question is: how to code
the character states, that already recognized (or even “made”) as a putative reversals.

One may note, that the coding based on ad hoc assumptions of evolution rather
than on actual observed conditions is unwarranted. However as it was observed for
multiple times (e. g., Kitching et al. 1998, Waegele, 2005; Brower & de Pinna, 2014,
among others), already Hennig assumed each character’s polarity before the construction
of a cladogram a practice that has some followers . Also the easiest way to estimate the
polarity of characters is not to make ad hoc assumptions about evolution, but rather to
make comparisons with the outgroup (e. g., Kitching et al. 1998).

Hennig also identified the potential reversals in transformation series prior to its
analysis (reviewed in Kavanaugh, 1972: 120), and, according to him, reversals can be
apomorphies (reviewed in Farris, 2010: 5, see also Farris, 1997, Brower and de Pinna,
2014: 334). Farris (1997: 136) also stated, that the requirement that reversals be
recognized as apomorphies is a direct consequence of the concept of apomorphy. In other
words, the putative reversals, although may look primitive in appearance, are actually
derived characters (Williams & Ebach, 2014: 298, Fig. 1).

But if one assumed that a character-state is a putative apomorphy apriori to

analysis, why to code it it as plesiomorphic? Technically the putative reversal may be
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coded exactly as a value of the outgroup, or as a new character state, as proposed by
Platnick (1977):

“If we were to try to represent the distribution of a symplesiomorphic character on
a tree, we would have to represent it as an instance of character reversal ... in the sense
that some of the descendants do not share that character state. In this case the use of a 0 to
indicate the reversal does not necessarily imply a return to the original character state
since a transformation to a still more apomorphic character state (a state 2, to continue the
model) would also suffice” (Platnick, 1977: 199-200).

Prendini & Wheeler (2005) operated with putative reversals in a similar way
when they analyzed real data. Farris and Kluge (1998) also optionally coded reversals as
separate states (Farris & Kluge, 1998: 355, Fig. 6 — see also Farris, 1997: 136). They also
stressed that the re-coding of the binary “reversal” character as an additive multistate
character (Farris & Kluge, 1998: 355, Fig. 6) makes a new model matrix free from
incongruence (Farris & Kluge, 1998: 355, Fig. 6) and obviously yields the tree (Farris &
Kluge, 1998: 355, Fig. 6a) that is identical to what was yielded the conventional binary
matrix (Farris & Kluge, 1998: 352, Fig. 2a) before it was re-coded. In other words, the
proper coding of the putative reversals as separate character-states makes debates about
symplesiomorphy as a putative homology (reviewed in Brower and de Pinna, 2014)
unnecessary.

I feel that the discussion on the reversals in Nelson & Platnick (1991), who did
not score reversals separately despite of the earlier suggestions of Platnick (1977), is
incomplete (see also Farris, 1997). However, their general conclusion is correct: the 3TA
can recognize groups that supported by apparent reversals only (Nelson & Platnick, 1991:

362). To disprove it, four matrices-examples (Fig. 1-2) were established as a clear

illustration of the analytical weakness of 3TA (Kluge, 1994; Farris, 1997; Farris & Kluge,
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1998, see also Farris, 2010 and 2012 among others). The arguments, in total, are follows:
the reversal-based groups are unrecognizable by 3TA due to the distortion of the original
data (the reversals are effectively lost in transformation)(Kluge, 1994; Farris, 1997; Farris
& Kluge, 1998). Therefore, instead of the correct reversal-based groups, the 3TA
topologies may contain the artificial paraphyletic groups (Kluge, 1994; Farris, 1997;
Farris & Kluge, 1998).

Below we’ll try to show that these arguments are false and the 3TA is free from

these defects.

MATERIALS AND METHODS

Figures 1 and 2 summarize both the results and the methods of the study.

We re-analyzed four matrices-examples, earlier established as an major
illustrations of the analytical weakness of 3TA (Kluge, 1994; Farris, 1997; Farris &
Kluge, 1998, see also Farris, 2010, 2012 and Siebert & Williams, 1998). However
following Platnick (1977) and Farris and Kluge (1998), all putative reversals of these
matrices were apriori recognized and re-coded as a separate character state “2”. The
modified Matrix 17 from Nelson & Platnick (1991) is also coded in the same way and
was also re-analyzed (Fig. 1).

Three-taxon permutations performed using TAXODIUM ver. 1.2 (Mavrodiev &
Madorsky, 2012) using following commands: taxodium input_file name.csv —ib —ob —
og —fw —nex for binary matrices and taxodium input_file_name.csv —iom —ob —og —

mus —nex for ordered multistate matrices (the subject of the primary interest).
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TAXODIUM a freely available command-line based software

(http://www.phys.ufl.edu/~madorsky/taxodium/) that functions on all platforms (Mac,

Linux and Windows) and designed for building the 3TS-matrices (Nelson & Platnick,
1991) from binary, additive and non-additive multistate characters, with both uniform
and fractional weighting of the statements.

Assuming the simplest hierarchy of character-states (0(1(2(3(...))))),
TAXODIUM represent conventional ordered (additive) multistate matrices as uniformly
weighted 3TS equivalents exactly as described in Nelson & Platnick (1991: 358), but
additionally with the —mus option available (Mavrodiev & Madorsky, 2012). Following —
mus, the only unique 3TSs derived from the single input (conventional) character are
save as characters in the resulted 3TS matrix (summarized in Williams & Ebach and
Mavrodiev & Madorsky, 2012: Supplementary Example 3).

Wagner Parsimony conducted in PAUP* 4.0a134 (Swofford, 2002) using
TAXODIUM’s output NEXUS files with a heuristic search with 1000 random addition
replicates (saving no more than 100 trees per replicate), and the TBR branch
swapping/MulTrees option into effect. Conventional parsimony analysis is established
using the same options of search.

In the case of modified Matrix 17 from Nelson & Platnick (1991) and its 3TSs
equivalents (Fig. 1) additionally Branch and Bound Search (reviewed in Kitching ef al.,
1998) performed in PAUP* 4.0a134 (Swofford, 2002) following the default options.

Because the putative reversals are coded as a separate state “2” before three-taxon

permutations (see above), the only 3TS matrices derived from the conventional ordered
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multistate inputs, were selected for future analysis (Fig. 1, 2). All matrices we analyzed

are deposited Online as a Supplement of this article.

RESULTS

In cases of all analyses, the most parsimonious topologies based on 3TS matrices
were identical to the conventional topologies, and therefore all of the reversal-based
clades were recognized (Fig. 1 and 2, see also Farris, 1997; Kluge, 1994; Farris & Kluge,
1998). We also found that either the conventional or 3TS matrices contained only
congruent characters if putative reversals coded separately (e. g., Fig. 1 and 2, see also
Farris & Kluge, 1998). Either -mus option or the inclusion of the conventional outgroup
into 3TS permutations, did not affect the final 3TA topologies that always were the same,
but only the number of statements in the final 3TS matrices (therefore the only “-mus”

and “all-zero out excluded” results summarized on the Figs. 1 and 2).

DISCUSSION

The ability of conventional parsimony to recognize reversal-based clades is
technically nothing more than grouping by plesiomorphic values (reviewed in Brower &
de Pinna, 2014 and Williams & Ebach, 2008, 2012)(Fig. 1). This is a real dimension of
the problem we discuss. Aside from the long-term polemics “about nothing” (reviewed in
Brower & de Pinna, 2014), this solution cannot be accepted as a cladistic approach to

data and therefore must be correctly classified as “post-Hennigian” (e. g., Nixon &

9

Peer] PrePrints | https://dx.doi.org/10.7287/peerj.preprints.979v1 | CC-BY 4.0 Open Access | rec: 13 Apr 2015, publ: 13 Apr 2015




Carpenter, 2012) or phenetic-like (Williams & Ebach, 2008, 2012, see also Williams,
2002, among others).

Can we recognize groups based on the putative reversals without of grouping by
plesiomorphic values (like, by “zeros” or by both “zeros” and “ones”)? This is an actual
question, perhaps, already implied the positive answer (e. g., Farris & Kluge, 1998: 355).
In short, Platnick’s (1977) suggestion formally supported by Farris & Kluge (1998), as
well as the 3TA solutions (Siebert & Williams, 1998, see also Fig. 1 and 2) may be
viewed as a full or partial heuristic attempts to prevent this phenetic-like approach to the
data, and, therefore resolve the problem of putative reversal-based groups within a clear
Cladistic framework.

It has been shown, the problem of grouping on the putative reversals can be easily
understood as a particular case of a more general problem, namely the sensitivity of two
different approaches to Cladistics in dealing with plesiomorphies in the primary data
(Williams, 2002). Specifically, Williams (2002) proved that conventional parsimony
appears to be less sensitive to the gradual accumulation of plesiomorphy comparing with
3TA. In other words, in the case of matrices containing no plesiomorphy, both 3TA and
conventional parsimony may leads to the same results; this is what we found in our recent
research (Fig. 1, 2).

Putative reversal-based clades can always be recognized using the 3TA in it
canonical form (Nelson & Platnick, 1991). To establish such recognition, all potential
reversals must be recoded as a separate apomorphic character state before three-taxon

permutations are derived from conventional matrices.

10

Peer] PrePrints | https://dx.doi.org/10.7287/peerj.preprints.979v1 | CC-BY 4.0 Open Access | rec: 13 Apr 2015, publ: 13 Apr 2015




ACKNOWLEDGMENTS

Dr. D. Williams (London Museum of Natural History) acknowledged for helpful
comments for earlier version of this ms. I would like to thank Dr. Malte Ebach
(University of New South Wales and the Sydney’s Australian Museum, AU) for fruitful

discussion that helps to sharp arguments, as well as for useful linguistic remarks.

11

Peer] PrePrints | https://dx.doi.org/10.7287/peerj.preprints.979v1 | CC-BY 4.0 Open Access | rec: 13 Apr 2015, publ: 13 Apr 2015




LITERATURE CITED

Brower, A.V.Z., & de Pinna, M.C.C. 2014. About nothing. Cladistics 30:330-336.

De Laet, J., & Smets, E. 1998a. On the three-taxon approach to parsimony analysis. Cladistics
14:363-381.

De Laet, J., & Smets, E. 1998b. On the TTSC-FTSC formulation of standard parsimony.
Cladistics 14:239-248.

De Pinna, M. 1996. Comparative biology and systematics: some controversies in retrospective.
J. Comp. Biol 1:3-16.

Donoghue, M.J., & Maddison, W.P. 1986. Polarity assessment in phylogenetic systematics -
response. Taxon 35:534-538.

Ebach, M.C., & Williams, D.M. 2014. Reading Trees. Zootaxa 3814:297-300.

Ebach, M.C., Williams, D.M., & Vanderlaan, T.A. 2013. Implementation as theory, hierarchy
as transformation, homology as synapomorphy. Zootaxa 3641:587-594.

Farris, J.S. 1997. Cycles. Cladistics 13:131-144.

Farris, J.S. 2011. Systemic foundering. Cladistics 27:207-221.

Farris, J.S. 2012. 3ta Sleeps with the fishes. Cladistics 28:422-436.

Farris, J.S., & Kluge, A.G. 1998. A/the brief history of three-taxon analysis. Cladistics 14:349-
362.

Farris, J.S., Kluge, A.G., & De Laet, J.E. 2001. Taxic revisions. Cladistics 17:79-103.

Grand, A., Corvez, A., Velez, L.M.D., & Laurin, M. 2013. Phylogenetic inference using
discrete characters: performance of ordered and unordered parsimony and of three-item
statements. Biological Journal of the Linnean Society 110:914-930.

Hoagstrom, C.W., Ung, V., & Taylor, K. 2014. Miocene rivers and taxon cycles clarify the
comparative biogeography of North American highland fishes. Journal of Biogeography
41:644-658.

Kavanaugh, D.H. 1972. Hennigs principles and methods of phylogenetic systematics. Biologist
(Charleston) 54:115-127.

Kluge, A.G. 1994. Moving targets and shell games. Cladistics 10:403-413.

Kluge, A.G., & Farris, J.S. 1999. Taxic homology equals overall similarity. Cladistics 15:205-
212.

Maddison, W.P., & Maddison, D.R. 2011. Mesquite: a modular system for evolutionary
analysis. Version 2.75. In.

Mavrodiev, E.V., & Madorsky, A. 2012. TAXODIUM Version 1.0: a simple way to generate
uniform and fractionally weighted three-item matrices from various kinds of biological
data. Plos One 7.

Mavrodiev, E.V., Martinez-Azorin, M., Dranishnikov, P., & Crespo, M.B. 2014. At least 23
genera instead of one: the case of Iris L. s.1. (Iridaceae). Plos One 9.

Nelson, G., & Ladiges, P.Y. 1992. Information-content and fractional weight of 3-item
statements. Systematic Biology 41:490-494.

Nelson, G., & Ladiges, P.Y. 1994. Three-item consensus: empirical test of fractional weighting.
Systematics Association Special Volume Series;, Models in phylogeny reconstruction
52:193-209.

Nelson, G., & Platnick, N.I. 1991. Three-taxon statements - a more precise use of parsimony?
Cladistics 7:351-366.

12

Peer] PrePrints | https://dx.doi.org/10.7287/peerj.preprints.979v1 | CC-BY 4.0 Open Access | rec: 13 Apr 2015, publ: 13 Apr 2015




Nixon, K.C., & Carpenter, J.M. 2012. More on homology. Cladistics 28:225-226.

Platnick, N.I. 1977. Paraphyletic and polyphyletic groups. Systematic Zoology 26:195-200.

Platnick, N.I. 1985. Philosophy and the transformation of cladistics revisited. Cladistics 1:87-
94.

Platnick, N.I. 2013. Less on homology. Cladistics 29:10-12.

Prendini, L., & Wheeler, W.C. 2005. Scorpion higher phylogeny and classification, taxonomic
anarchy, and standards for peer review in online publishing. Cladistics 21:446-494.

Siebert, D.J., & Williams, D.M. 1998. Recycled. Cladistics 14:339-347.

Swofford, D.L. 2002. PAUP*. Phylogenetic analysis using parsimony (*and other methods). In.
Sinauer Associates, Sunderland, Massachusetts.

Waegele, J.W. 2005. Foundations of phylogenetic systematics. Pfeil Verlag, Miinchen.

Wheeler, Q., Assis, L., & Rieppel, O. 2013. Heed the father of cladistics. Nature 496:295-296.

Williams, D.M. 2002. Precision and parsimony. Taxon 51:143-149.

Williams, D.M., & Ebach, M.C. 2008. Foundations of systematics and biogeography. Springer,
New York, United States.

Williams, D.M., & Ebach, M.C. 2009. What, exactly, is Cladistics? Re-writing the history of
systematics and biogeography. Acta Biotheoretica 57:249-268.

Williams, D.M., & Ebach, M.C. 2012. "Phenetics" and its application. Cladistics 28:229-230.

Zaragiieta-Bagils, R.Z., Ung, V., Grand, A., Vignes-Lebbe, R., Cao, N., & Ducasse, J. 2012.
LisBeth: new cladistics for phylogenetics and biogeography. Comptes Rendus Palevol
11:563-566.

13

Peer] PrePrints | https://dx.doi.org/10.7287/peerj.preprints.979v1 | CC-BY 4.0 Open Access | rec: 13 Apr 2015, publ: 13 Apr 2015




FIGURE LEGENDS

Figure 1. The results Conventional parsimony and 3TA analyses of modified Matrix 17

(Nelsdon and Platnick, 1991) with the summary of the methods of recent study.

Figure 2. The summary of the results of the 3TA of four model matrices, previously

established as an illustrations of the analytical weakness of 3TA.
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A. Matrix 17 B. Figure 6

(Nelson & Platnick, 1991: 362) (Farris & Kluge, 1998: 355)
(character 4 excluded)

O 0000 O 0000
A 0000 —> A 0000 —
B 1001 “2" = reversal B 1001|33 TAXODIUM
Cc 1101 from “1” to “zero” Cc 1101 gg -iom
D 1111 D 1111 gs -0b
E 1110 E 1112]|°4 -og
F 1110 F 1112 -mus
[optional]
Wagner Parsimony Wagner Parsimony
PAUP * \I/ \I/
or B&B search or B&B search
Oo Oo
OA Oa
@B @B
@cC @®c
— @D —é@D
non (post) -Hennigian solution: —@@) — )
grouping by _. E _’ E
plesiomorphic
value (0) Ty P .
single most parsimonious single most parsimonious
tree: tree:
lenght = 5, lenght = 5,
CI = 0.8000, CI = RT = 1.
RI = 0.8571.

[MP optimisations of the character 4 (former character 5)]

T EHmO QWP O

C. 44 3TSs’s Matrix (45 3TSs, if -mus disabled)

00000000000000000000000000000000000000000000
00000000000?70?2020202020220?20220000000000??2?

21?2212211211222211112211111122221221221122720
22122121212211221122111112221112212212121111
22212212112222112211112221111112221221211111

Wagner Parsimony or B&B search;
uniform weighting

o

A

E

F

single most parsimonious
tree:

lenght = 44/45,
CI =RI =1.
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A. Table 2 (Kluge,

NOUHIZQTHMMEDOQDP M

QT MHOQW PP X

C. Matrix Z (Farris,

Z2rRaHIEZQEMEOOQOW PO

000000000
100000000
110000000
111000000
111100000
111110000
111111111
111111111
111111111
011111111
001111111
001111111

Table 3 (Kluge,

000000
100000
110000
111000
111100
111110
111111
001111

000000000000
100000000000
110000000000
111000000000
111100000000
111110000000
111111000000
001111000000
000000100000
000000110000
000000111000
000000111100
000000111110
000000111111
000000001111

1994:

—

408)

NOUHIZQTHMMEDOQWDP M

000000000
100000000
110000000
111000000
111100000
111110000
111111111
111111111
111111111
211111111
221111111
221111111

1994: 409)

—>

QT E0OQW P M

1997:

ZrPRaHEZQEEBUOUOQE PO

000000
100000
110000
111000
111100
111110
111111
221111

136)

000000000000
100000000000
110000000000
111000000000
111100000000
111110000000
111111000000
221111000000
000000100000
000000110000
000000111000
000000111100
000000111110
000000111111
000000221111

X

A

B

C

D

617 3TSs's E
Matrix —F
—— G

——H

single most

parsimonious

tree

lenght =
CI =

617,
RI = 1.

70 3TSs’s

Matrix >

single most

parsimonious
tree

lenght =

70,
CI =RI = 1.

924 3TSs's
—> Matrix —>

single most

parsimonious
tree

lenght = 924,

Al ]

OZRPrPrRAuUuHIZQQEAMEMOAOAWPY

Q W M U Q W P oM

CI = RI = 1.

D. Figure 5 (Farris & Kluge,

NKXISI<cH®nNDOWZZIEIrRUHEQTIEBEBOAQOAW® PO

00000000000000000000000
00000000000000000000000
10000000000000000000000
11000000000000000000000
11100000000000000000000
11110000000000000000000
11111000000000000000000
11111100000000000000000
11111110000000000000000
11111111000000000000000
11111111100000000000000
11111111110000000000000
11111111111000000000000
11111111111100000000000
11111111111110000000000
11111111111111000000000
11111111111111100000000
11111111111111110000000
11111111111111111000000
11111111111111111100000
11111111111111111111111
00111111111111111111111
00011111111111111111111
00001111111111111111111
00000111111111111111111
00000111111111111111111

1998:

—>

353)

NKMXIJ<cH®nWIOYZIFROHOTQTWMAROAQWO

single most

parsimonious
tree

lenght = 16225,
CI = RI = 1.
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00000000000000000000000
00000000000000000000000
10000000000000000000000
11000000000000000000000
11100000000000000000000
11110000000000000000000
11111000000000000000000
11111100000000000000000
11111110000000000000000
11111111000000000000000
11111111100000000000000
11111111110000000000000
11111111111000000000000
11111111111100000000000
11111111111110000000000
11111111111111000000000
11111111111111100000000
11111111111111110000000
11111111111111111000000
11111111111111111100000
11111111111111111111111
22111111111111111111111
22211111111111111111111
22221111111111111111111
22222111111111111111111
22222111111111111111111

|

16225 3TSs's
Matrix

<



#NEXUS

[Matrix 17 from Nelson & Platnick (1991) with character 4 excluded]

BEGIN TAXA;
TITLE Taxa;
DIMENSIONS NTAX=7;
TAXLABELS
OABCDETF

~e

END;

BEGIN CHARACTERS;
TITLE Character_Matrix;
DIMENSIONS NCHAR=4;

FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1 2";
MATRIX
O 0000
A 0000
B 1001
c 1101
D 1111
E 1110
F 1110
;
END;
BEGIN ASSUMPTIONS;
TYPESET * UNTITLED = ORD: 1 - 4;
END;

BEGIN PAUP;
SET AUTOCLOSE=YES;

SET CRITERION=PARSIMONY;

SET ROOT=OUTGROUP;

SET INCREASE=AUTO;

OUTGROUP O;

LOG FILE=OUT.LOG;

HS NREPS=1000 SWAP=TBR ADDSEQ=RANDOM;
SHOWTREES ;

SAVETREES FILE=OUT.TREE APPEND=NO REPLACE=YES;
DESCRIBETREES ALL;

END;
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#NEXUS

[Farris & Kluge's (1998) Figure 6 = modified Matrix 17 from Nelson & Platnick (1991) with
character # 4 excluded and putative reversals coded as a separate state "2"]

BEGIN TAXA;
TITLE Taxa;
DIMENSIONS NTAX=7;
TAXLABELS
OABCDETF

~e

END;

BEGIN CHARACTERS;
TITLE Character_Matrix;
DIMENSIONS NCHAR=4;

FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1 2";
MATRIX
O 0000
A 0000
B 1001
c 1101
D 1111
E 1112
F 1112
;
END;
BEGIN ASSUMPTIONS;
TYPESET * UNTITLED = ORD: 1 - 4;
END;

BEGIN PAUP;

SET AUTOCLOSE=YES;

SET CRITERION=PARSIMONY;

SET ROOT=OUTGROUP;

SET INCREASE=AUTO;

OUTGROUP O;

LOG FILE=0UT.LOG;

HS NREPS=1000 SWAP=TBR ADDSEQ=RANDOM;
SHOWTREES ;

DESCRIBETREES ALL;

SAVETREES FILE=OUT.TREE APPEND=NO REPLACE=YES;
END;
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#NEXUS
[Three-taxon representation of Figure 6 from Kluge & Farris (1998)]

BEGIN TAXA;
TITLE Taxa;
DIMENSIONS NTAX=7;
TAXLABELS
OABCDETF

~e

END;

BEGIN CHARACTERS;
TITLE Character_Matrix;
DIMENSIONS NCHAR=44;
FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1";
MATRIX
00000000000000000000000000000000000000000000
0000000000020202020202022022022000000000022?

?1??1??11?11????iiii;;iillll????l??l??11???0
?221?221?21212211221122111112221112212212121111
?21221?2112222112211112221111112221221211111

mMTEHUOUQWPO

[
)
)
)
[
=
[
)
)
)
[
[
[
[
[
=

N

N

N

N

N

N

N

N
o
-~
-~
o
-~
-~
o
ey
-~
-~
-~
[
[
[
=)
)
)
)
o
-~

14

END;

BEGIN ASSUMPTIONS;

TYPESET * UNTITLED = ORD: 1 - 44;
END;

BEGIN PAUP;

SET AUTOCLOSE=YES;

SET CRITERION=PARSIMONY;

SET ROOT=OUTGROUP;

SET INCREASE=AUTO;

OUTGROUP O;

LOG FILE=OUT.LOG;

HS NREPS=1000 SWAP=TBR ADDSEQ=RANDOM;
SHOWTREES ;

SAVETREES FILE=OUT.TREE APPEND=NO REPLACE=YES;
DESCRIBETREES ALL;

END;
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#NEXUS
[Table 2 from Kluge (1994)]

BEGIN TAXA;
TITLE Taxa;
DIMENSIONS NTAX=12;
TAXLABELS
OABCDEVFGHTIUJK

~e

END;

BEGIN CHARACTERS;
TITLE Character_Matrix;
DIMENSIONS NCHAR=9;
FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1";
MATRIX

000000000

100000000

110000000

111000000

111100000

111110000

111111111

111111111

111111111

011111111

001111111

001111111

RoHITQOQEMEAERUOUAQWYPO

14

END;

BEGIN ASSUMPTIONS;

TYPESET * UNTITLED = ORD: 1 - 9;
END;

BEGIN PAUP;

SET AUTOCLOSE=YES;

SET CRITERION=PARSIMONY;

SET ROOT=OUTGROUP;

SET INCREASE=AUTO;

OUTGROUP O;

LOG FILE=OUT.LOG;

HS NREPS=1000 SWAP=TBR ADDSEQ=RANDOM;
SHOWTREES ;

DESCRIBETREES ALL;

SAVETREES FILE=OUT.TREE APPEND=NO REPLACE=YES;
END;
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#NEXUS

[Table 2 from Kluge (1994) with putative reversals coded as a separate state "2" following
Platnick (1977)]

BEGIN TAXA;
TITLE Taxa;
DIMENSIONS NTAX=12;
TAXLABELS
OABCDEVFGHTIUJK

~e

END;

BEGIN CHARACTERS;
TITLE Character_Matrix;
DIMENSIONS NCHAR=9;
FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1 2";
MATRIX

000000000

100000000

110000000

111000000

111100000

111110000

111111111

111111111

111111111

211111111

221111111

221111111

RuHETQ@QEMEOAQWPO

14

END;

BEGIN ASSUMPTIONS;

TYPESET * UNTITLED = ORD: 1 - 9;
END;

BEGIN PAUP;

SET AUTOCLOSE=YES;

SET CRITERION=PARSIMONY;

SET ROOT=OUTGROUP;

SET INCREASE=AUTO;

OUTGROUP O;

LOG FILE=0UT.LOG;

HS NREPS=1000 SWAP=TBR ADDSEQ=RANDOM;
SHOWTREES ;

DESCRIBETREES ALL;

SAVETREES FILE=OUT.TREE APPEND=NO REPLACE=YES;
END;
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#NEXUS
[Three-taxon representation of modified Table 2 from Kluge (1994)]

BEGIN TAXA;
TITLE Taxa;
DIMENSIONS NTAX=12;
TAXLABELS
OABCDEVFGHTIUJK

~e

END;

BEGIN CHARACTERS;
TITLE Character_Matrix;
DIMENSIONS NCHAR=617;
FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1";
MATRIX

o
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000

A

0?020?020?020202020202020202020202020202020202020202020202202202202202202202202202202202202?0
2?20220220220220?220220220220220220220220220220220222022202220?22202220222022202220?222022202220°?
220??2202220222022202220222022202220222022220222202222022220222202222022220222202222022220222°?
0??220?22?20222202222022220222202222022220222202222022220222202222022220222202222022220222202?
2202?222022220222202222022220222202222022220222202222022220?22220222202222022220222202222022220
?222022?22022220222202222022220222202222022220222202222022??

B
2020?02020?020202020202020202020202020202020202020202020202202202202202202202202202202202202?
0?202?20220220220220?220220220220220220220220220220222022202220222022202220222022202220222022?0
2220?2220222022202220222022202220222022202222022220222202222022220222202222022220222202222022°?
202??22022220222202222022220222202222022220222202222022220222202222022220?2222022220?2222022220°?
2220?2222022220222202222022220222202222022220222202222022220222202222022220222202222022220222°?
0??220?22?20222202222022220222202222022220222202222022220???

c
20220?2?202202202202202202202202202202202202202202202220222022202220222022202220222022202220?2?
0??20??220?2202220222022202220222022202220222202222022220222202222022220222202222022220222202?
2202?22202222022220222202222022220222202222022220222202222022220222202222022220222202222022220
?2220222202222022220222202222022220222202222022220222202222022220222202222022220222202222022°?
202??220?22220222202222022220222202222022220222202222022220??

D

?20?220?220?2220?220?220?220?22202220222022202222022220222202?22220?22220222202222022220?222022220?
?22202222022220?22220222202222022220?22220222202222022220?22220222202222022220?2222022220222202?2??
022220222202?2222022220222202222022220222202222022220222202?22202222022220222202?222022220222202??
?220?2220222202?2220?2222022220222202?22220?222202222022220?22220?

E

?222202?2220?22220222202222022220?2222022220222202222022220222202222022220?22220222202222022220???
?20?2220?22220222202?2220?222202222022220222202222022220222202?22220?22220222202222022220?222022220?
?22202222022220?22220222202222022220?22220222202222022220222?0

F
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11111222?2211111111112?2222222222222222221111122?2222?2222?2222?21111122?2222?222211111?2?2??2?11111111
112?222222222222222222?21111122?222222?2222?2211111??22?2?22?211111?2?22221111111111??22?22222222?222??2?
??22?2111112222°2222222?222211111??2?2?2?2?2?22211111?22?2??21111111111

;

END;

BEGIN ASSUMPTIONS;

TYPESET * UNTITLED = ORD: 1 - 617;

END;

BEGIN PAUP;
SET AUTOCLOSE=YES;

SET CRITERION=PARSIMONY;

SET ROOT=OUTGROUP;

SET INCREASE=AUTO;

OUTGROUP O;

LOG FILE=OUT.LOG;

HS NREPS=1000 SWAP=TBR ADDSEQ=RANDOM;
SHOWTREES ;

DESCRIBETREES ALL;

SAVETREES FILE=OUT.TREE APPEND=NO REPLACE=YES;
END;
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#NEXUS
[Table 3 from Kluge (1994)]

BEGIN TAXA;
TITLE Taxa;
DIMENSIONS NTAX=8;
TAXLABELS
OABCDETFG

~e

END;

BEGIN CHARACTERS;
TITLE Character_Matrix;
DIMENSIONS NCHAR=6;
FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1";
MATRIX

000000

100000

110000

111000

111100

111110

111111

001111

QEEHUOQOWPO

.
4

END;
BEGIN PAUP;

BEGIN ASSUMPTIONS;

TYPESET * UNTITLED = ORD: 1 - 6;

END;

SET AUTOCLOSE=YES;

SET CRITERION=PARSIMONY;

SET ROOT=OUTGROUP;

SET INCREASE=AUTO;

OUTGROUP O;

LOG FILE=OUT.LOG;

HS NREPS=1000 SWAP=TBR ADDSEQ=RANDOM;
SHOWTREES ;

DESCRIBETREES ALL;

SAVETREES FILE=OUT.TREE APPEND=NO REPLACE=YES;
END;
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#NEXUS

[Table 3 from Kluge (1994) with putative reversals coded as a separate state "2" following
Platnick (1977)]

BEGIN TAXA;
TITLE Taxa;
DIMENSIONS NTAX=8;
TAXLABELS
OABCDETFG

~e

END;

BEGIN CHARACTERS;
TITLE Character_Matrix;
DIMENSIONS NCHAR=6;
FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1 2";
MATRIX

000000

100000

110000

111000

111100

111110

111111

221111

QTR0 AWPO

14

END;

BEGIN PAUP;

BEGIN ASSUMPTIONS;

TYPESET * UNTITLED = ORD: 1 - 6;
END;

SET AUTOCLOSE=YES;

SET CRITERION=PARSIMONY;

SET ROOT=OUTGROUP;

SET INCREASE=AUTO;

OUTGROUP O;

LOG FILE=OUT.LOG;

HS NREPS=1000 SWAP=TBR ADDSEQ=RANDOM;
SHOWTREES ;

DESCRIBETREES ALL;

SAVETREES FILE=OUT.TREE APPEND=NO REPLACE=YES;
END;
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#NEXUS
[Three-taxon representation of modified Table 3 from Kluge (1994)]

BEGIN TAXA;
TITLE Taxa;
DIMENSIONS NTAX=8;
TAXLABELS
ABCDEVFGO

~e

END;

BEGIN CHARACTERS;
TITLE Character_Matrix;
DIMENSIONS NCHAR=70;

FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1";
MATRIX
[0} 0000000000000000000000000000000000000000000000000000000000000000000000
A 0000000000000000?0202020202020202020220220220220220220222022202220222?
B 111112222222222202020202020202020202022022022022022022022202220222022?
c 1?2??22111122?2222111111112?2222?2222?22222022022022022022022022?2022202220??
D ?1??2?21??2211122?2112?2?222211111122?2?22111111111?2?222222222?2202?2202?2202?220?
E ??21??221?2?21?2?211?2?2211?22221122?221111221112?2??22?21111112?2?11111111??2222??20
F ??2?21?22?21221?2121?22?2112?2?2?211?2?211?2?211???2111?2?2111?22?21111111??22111111111
G ??2?2?212?2?212?21211?22?2?2211222211221111???22?2?2111?2?22111111???21111111111111

;

END;

BEGIN ASSUMPTIONS;

TYPESET * UNTITLED = ORD: 1 - 70;

END;

BEGIN PAUP;

SET AUTOCLOSE=YES;

SET CRITERION=PARSIMONY;

SET ROOT=OUTGROUP;

SET INCREASE=AUTO;

OUTGROUP O;

LOG FILE=OUT.LOG;

HS NREPS=1000 SWAP=TBR ADDSEQ=RANDOM;
SHOWTREES ;

DESCRIBETREES ALL;

SAVETREES FILE=OUT.TREE APPEND=NO REPLACE=YES;
END;
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#NEXUS
[Matrix Z from Farris (1997)]

BEGIN TAXA;
TITLE Taxa;
DIMENSIONS NTAX=15;
TAXLABELS
OABCDEFGHIJKLMN

~e

END;

BEGIN CHARACTERS;
TITLE Character_Matrix;
DIMENSIONS NCHAR=12;
FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1";
MATRIX
000000000000
100000000000
110000000000
111000000000
111100000000
111110000000
111111000000
001111000000
000000100000
000000110000
000000111000
000000111100
000000111110
000000111111
000000001111

ZPRGHOTQEMAODAQAWPO

.
4

END;
BEGIN ASSUMPTIONS;

TYPESET * UNTITLED = ORD: 1 - 12;

END;

BEGIN PAUP;

SET AUTOCLOSE=YES;

SET CRITERION=PARSIMONY;

SET ROOT=OUTGROUP;

SET INCREASE=AUTO;

OUTGROUP O;

LOG FILE=OUT.LOG;

HS NREPS=1000 SWAP=TBR ADDSEQ=RANDOM;
SHOWTREES ;

DESCRIBETREES ALL;

SAVETREES FILE=OUT.TREE APPEND=NO REPLACE=YES;
END;
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#NEXUS

[Matrix Z from Farris (1997) with putative reversals coded as a separate state "2" following
Platnick (1977)]

BEGIN TAXA;
TITLE Taxa;
DIMENSIONS NTAX=15;
TAXLABELS
OABCDEFGHTIJKLMN

~e

END;

BEGIN CHARACTERS;
TITLE Character_Matrix;
DIMENSIONS NCHAR=12;
FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1 2";
MATRIX
000000000000
100000000000
110000000000
111000000000
111100000000
111110000000
111111000000
221111000000
000000100000
000000110000
000000111000
000000111100
000000111110
000000111111
000000221111

ZPRGHOTQEMAODAQAWPO

.
4

END;
BEGIN PAUP;

SET AUTOCLOSE=YES;

SET CRITERION=PARSIMONY;

SET ROOT=OUTGROUP;

SET INCREASE=AUTO;

OUTGROUP O;

LOG FILE=0UT.LOG;

HS NREPS=1000 SWAP=TBR ADDSEQ=RANDOM;
SHOWTREES ;

DESCRIBETREES ALL;

SAVETREES FILE=OUT.TREE APPEND=NO REPLACE=YES;
BEGIN ASSUMPTIONS;

TYPESET * UNTITLED = ORD: 1 - 12;

END;
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#NEXUS
[Three-taxon representation of modified Matrix Z from Farris (1997)]

BEGIN TAXA;
TITLE Taxa;
DIMENSIONS NTAX=15;
TAXLABELS
OABCDEFGHIJKLMN

~e

END;

BEGIN CHARACTERS;
TITLE Character_Matrix;
DIMENSIONS NCHAR=924;
FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1";
MATRIX

(o]
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

A
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?22222222222211111112?2?2?2222222222211111111111111

11111111112222?

1222222222

11111111111111111

1111111111111111111111

1
11111111111111111111

2222222222

11111111
111111111?2?22222222111111111222222222211111

222222222

111111111

11111111111111111111111222?

111112?2?2?22222221111111111

111111111

?2?

111111111111111111111111111111111111111

11111111111111111111111111111111111111112?

1111111111111111111

111111111

111111111111111

111111111111111111111111111111

111111111111111111111
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?21111111111?22?22?2??22?2211111111111111111111?2???2???22?1111111111111111111111111111111111
;

END;

BEGIN ASSUMPTIONS;

TYPESET * UNTITLED = ORD: 1 - 924;

END;

BEGIN PAUP;
SET AUTOCLOSE=YES;

SET CRITERION=PARSIMONY;

SET ROOT=OUTGROUP;

SET INCREASE=AUTO;

OUTGROUP O;

LOG FILE=OUT.LOG;

HS NREPS=1000 SWAP=TBR ADDSEQ=RANDOM;
SHOWTREES ;

DESCRIBETREES ALL;

SAVETREES FILE=OUT.TREE APPEND=NO REPLACE=YES;
END;
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#NEXUS
[Figure 5 from Farris & Kluge (1998)]

BEGIN TAXA;
TITLE Taxa;
DIMENSIONS NTAX=26;
TAXLABELS
OABCDEFGHIJKLMNPORSTUVWIXYZ

~e

END;

BEGIN CHARACTERS;
TITLE Character_Matrix;
DIMENSIONS NCHAR=23;
FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1";
MATRIX
00000000000000000000000
00000000000000000000000
10000000000000000000000
11000000000000000000000
11100000000000000000000
11110000000000000000000
11111000000000000000000
11111100000000000000000
11111110000000000000000
11111111000000000000000
11111111100000000000000
11111111110000000000000
11111111111000000000000
11111111111100000000000
11111111111110000000000
11111111111111000000000
11111111111111100000000
11111111111111110000000
11111111111111111000000
11111111111111111100000
11111111111111111111111
00111111111111111111111
00011111111111111111111
00001111111111111111111
00000111111111111111111
00000111111111111111111

NKMEI<cHRNDIODWZIPRGHIIQTOMARODAQAWPO

.
4

END;
BEGIN ASSUMPTIONS;

TYPESET * UNTITLED = ORD: 1 - 23;

END;

BEGIN PAUP;

SET AUTOCLOSE=YES;

SET CRITERION=PARSIMONY;

SET ROOT=OUTGROUP;

SET INCREASE=AUTO;

OUTGROUP O;

LOG FILE=OUT.LOG;

HS NREPS=1000 SWAP=TBR ADDSEQ=RANDOM;
SHOWTREES ;

DESCRIBETREES ALL;

SAVETREES FILE=OUT.TREE APPEND=NO REPLACE=YES;
END;
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#NEXUS

[Figure 5 from Farris & Kluge (1998) with putative reversals coded as a separate state "2"
following Platnick (1977)]

BEGIN TAXA;
TITLE Taxa;
DIMENSIONS NTAX=26;
TAXLABELS
O A B C D E F G H I J KILMNUZPOW RS T UV WX Y 2Z

~e

END;

BEGIN CHARACTERS;
TITLE Character_Matrix;
DIMENSIONS NCHAR=23;
FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1 2";
MATRIX
00000000000000000000000
00000000000000000000000
10000000000000000000000
11000000000000000000000
11100000000000000000000
11110000000000000000000
11111000000000000000000
11111100000000000000000
11111110000000000000000
11111111000000000000000
11111111100000000000000
11111111110000000000000
11111111111000000000000
11111111111100000000000
11111111111110000000000
11111111111111000000000
11111111111111100000000
11111111111111110000000
11111111111111111000000
11111111111111111100000
11111111111111111111111
22111111111111111111111
22211111111111111111111
22221111111111111111111
22222111111111111111111
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NKMI<CcHRLIOWZIPRGUHIOIQAEMARODAOWPO

.
4

END;
BEGIN ASSUMPTIONS;

TYPESET * UNTITLED = ORD: 1 - 23;

END;

BEGIN PAUP;

SET AUTOCLOSE=YES;

SET CRITERION=PARSIMONY;

SET ROOT=OUTGROUP;

SET INCREASE=AUTO;

OUTGROUP O;

LOG FILE=0UT.LOG;

HS NREPS=1000 SWAP=TBR ADDSEQ=RANDOM;
SHOWTREES ;

DESCRIBETREES ALL;

SAVETREES FILE=OUT.TREE APPEND=NO REPLACE=YES;
END;
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#NEXUS
[Three-taxon representation of modified Figure 5 from Farris & Kluge (1998)]

BEGIN TAXA;
TITLE Taxa;
DIMENSIONS NTAX=26;
TAXLABELS
OABCDEFGHIJKLMNPORSTUVWIXYZ

~e

END;

BEGIN CHARACTERS;
TITLE Character_Matrix;
DIMENSIONS NCHAR=16225;
FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1";
MATRIX
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END;
BEGIN ASSUMPTIONS;

TYPESET * UNTITLED = ORD: 1 - 16225;

END;

BEGIN PAUP;

SET AUTOCLOSE=YES;

SET CRITERION=PARSIMONY;

SET ROOT=OUTGROUP;

SET INCREASE=AUTO;

OUTGROUP O;

LOG FILE=OUT.LOG;

HS NREPS=1000 SWAP=TBR ADDSEQ=RANDOM;
SHOWTREES ;

DESCRIBETREES ALL;

SAVETREES FILE=OUT.TREE APPEND=NO REPLACE=YES;
END;
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