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TABLE 1
Pairwise Transitions (Ts) and Transversions (Tv)
Total

Ts Tv TC TA TG CA CG AG
Ameiva vs Gallus 145 147 86 42 15 75 15 59
Cricosaura vs Gallus 132 143 79 46 15 61 21 53
Cricosaura vs Ameiva 126 134 70 52 7 61 14 56
Lepidophyma vs Gallus 124 149 72 40 12 73 24 52
Lepidophyma vs Ameiva 153 150 97 38 16 77 19 56
Lepidophyma vs Cricosaura 124 126 78 40 10 61 15 46
Xbolsonae vs Gallus 138 143 82 40 13 68 22 56
Xbolsonae vs Ameiva 131 138 75 45 9 66 18 56
Xbolsonae vs Cricosaura 119 113 72 53 4 48 8 47
Xbolsonae vs Lepidophyma 125 94 7% 31 S 46 12 50
Xhenshawi vs Gallus 145 144 87 41 10 75 18 58
Xhenshawi vs Ameiva 136 134 83 52 11 60 11 53
Xhenshawi vs Cricosaura 111 118 68 58 7 46 7 43
Xhenshawi  vs Lepidophyma 128 95 75 33 5 47 10 53
Xhenshawi vs Xbolsonae 95 404 65 12 3 22 3 30
Xvigilis vs Gallus 137 137 82 39 10 74 14 55
Xvigilis vs Ameiva 128 130 81 42 12 63 13 47
Xvigilis v8 Cricosaura 117 117 78 52 7 51 7 39
Xvigilis vs Lepidophyma 122 91 73 30 S 44 12 49
Xvigilis vs Xbolsonae 84 28 62 11 3 7 7 22
Xvigilis vs Xhenshawi 88 33 63 10 2 20 1 25
Xriversiana vs Gallus 143 137 89 42 9 69 17 54
Xriversiana vs Ameiva 125 133 82 49 10 60 14 43
Xriversiana vs Cricosaura 115 112 72 50 6 50 6 43
Xriversiana vs Lepidophyma 124 86 80 33 3 39 11 44
Xriversiana vs Xbolsonae 79 29 58 9 3 11 6 21
Xriversiana vs Xhenshawi 83 34 56 11 2 21 0 27
Xriversiana vs Xvigilis 52 17 39 7 3 7 0 13
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FIG. 1.
a sister-group relationship between Cricosaura and Lepidophyma. Dorsal view of the basal portion of the tail of (A) Xantusia henshawi
(LACM 100716) and (B) Cricosaura typica (USNM 13850). Arrows indicate two of the slightly enlarged whorls separated by two smaller
interwhorls; Crother et al. coded the caudal scales of C. ¢ypica (which have very slightly enlarged dorsal whorls) as “heterogeneous in size,”
whereas they code those of X. henshawi (which have more clearly enlarged whorls) as “homogeneous in size.” Dorsal view of the head of
(C) Lepidophyma smithii (LACM 136677) and (D) L. pajapanensis (UAZ 28804) with interparietal scale removed to expose parietal bones.
Arrow indicates the presence of an open parietal foramen. Crother et al. coded the parietal foramen as absent in Lepidophyma.

clude it does not clearly support the existence of a Lepi-
dophyma + Cricosaura clade.

DNA Sequences

Aligned sequences from all three mitochondrial
genes are presented in Fig. 2. As in the original study
(Hedges et al., 1991), the teiid lizard Ameiva auberi
was treated as the outgroup in the phylogenetic analy-
ses. The published sequence of the chicken, Gallus gal-
lus (Desjardins and Morais, 1990), was included for the
purpose of having a second, more distant, outgroup.

There are two regions in the 16S rRNA sequence,
indicated in Fig. 3, that are too variable to align with
confidence and these were omitted from the analyses,
as was the long insertion present in the chicken se-

Reevaluation of the two pivotal morphological characters used by Crother et al. (1986) and Crother and Presch (1993) to infer

quence. The complete data set consists of 1028 align-
able sites, of which 471 are variable and “informative”
for the distance analyses (excluding sites with dele-
tions and ambiguities) and 281 are “informative” for
the parsimony analyses. The 16S rRNA region consists
of 318 alignable sites, of which 132 are variable and
“informative” for the distance analyses (excluding
sites with deletions and ambiguities) and 81 are “infor-
mative” for the parsimony analyses.

Our original paper (Hedges et al., 1991) reported
neighbor-joining and maximum-parsimony analyses of
sequences from the two genes (12S rRNA and cyt b)
separately and then in combined analyses. Following
along those same lines, we report here analyses of our
new data from the 165 RNA gene separately, and then



XANTUSIID PHYLOGENY: CONCERN FOR DATA AND ANALYSIS 81

80
Gallus GCCTAGCCCTAAATCTAGATACCTCCCATCACACATGTATCCGCCTGAGAACTACGAGCACAAACGCTTAAAACTCTAAG

Ameiva ..7...AAG.T..C.AC..C.AGC..T..A... GoovonsAl. .G T.e .G TG-L 00 Couunnnl AL,
Erlgosaura eess.A.NA
yma
nglsonae
Xhenshawi
Xvigilis
Xriversiana

.G.G.T...A..

OO U=

160
Gallus GACTTGGCGGTGCCCCAAACCCACCTAGAGGAGCCTGTTCTATAATCGATAATCCACGATTCACCCAACCACCCCTTG%E

1
2
3 Crlcosaura CC.....T.A,....G.....TT-.  AGA
4 Lepi AA c
5 Xbolscnae
6 Xhenshawi
7 Xvigilis
8 Xriversiana . ..............C.C..........CC.......AA...
--------------------------------------------------------------------- 240
1 Gallus AGCA--CAGCCTACATACCGCCGTCGCCAGCCCACCTCTAA---TGAAAGAACAA CAGTGAGCTCAATAGCCCCTCG--
2 Ameiva TA CTTCTTT G-..TACCTTT......~....A.ee AL LCaaet s T.AACAA
3 Cricosaura cees G TA...A...A. .....T TT ACA.
4 Lepidophyma ... A...C...A.ACGCGA
5 Xbolsonae A...AA..CT..AAACACAA
6 Xhenshawi .. .AA..AT..AAACACAA
7 Xvigilis -TACIT.. T. . T A-- .G Al AL AA, .CT. . AAACACAA
8 Xrlver5|ana TitALLLALLIAAL.CT..AAACACAA
--------------------------------------------------------------------- 320
1 Gallus CTAATAAGACAGGTCAAGGTATAGCCTATGGGGTGGGAGAAATGGGCTACATTTTCTAACATAGAACA--AACGAAAAAG
2 Ameiva A GA........ veseeacaseal.alusus,.TCT...G.. .GT
3 Cricosaura A...T G A ....A...G.. e WGTLTTIATAAL . LELTE.T
4 Lepidophyma G G .G .C .CAC. .CAGG. . .GGC
5 Xbolsonae ..6
6 Xhenshawi N . R
7 Xvigilis . .G6.C G.C....7.CG G...G.
8 Xriversiana S llIABALG......ill Ll lllllIALC.ILIT.CGC. . G...G.
------------------------------------ #rococrrcogocaonenoedon---12§ FRNA--- 400
% ggé!us GATGTGAAACCCGCCCTTéﬁAAGGéGGATTTAGCAGTA----AAGTGAGAEEATACCCCCTAAG--CTCACT TTAAGAE
iva R S S U . ....C;.AG.T...GG.
3 Cricosaura .TAA ACAT O o GA.T.AAT....TAT....... .T.. GGGCNNG
4 Lepi yma CCCA C.GA. A...C .CCTG.TTG. . -CATG. C...GGG
5 Xbolsonae AGAT.. c ...ATT.TTA..7G...CATG.T..AG GNNCG
6 Xhenshawi AAAA. .ACA...G TT TTATITG...ATTG.T. .AGAGCACG
7 Xvigilis T.A. +AA.AA- .+AAAT, .ACA...ATY.TTA.TTG...GTTG.7..AGAGCACG
8 Xriversiana CT.A.....AATAA-.C..A.. . C..iiiiiiii .  AAAT..ACA.. . ATT.TTA.TTG...ATTG.T..AGAGCACG
éé TRNA=-<---duc-ccemccuduccccconaponocrocooduroacucccdoccnnonnofonoann 80
% Gallus GTCTTA AcTGTCTCCTGTAGGTAATCTATGAAATTAGTATTCCCGTGCAAAAACGAGAATGTGAACATAAGACGA
iva P o o Y 1 o wessC.GA.C....A..T.....G.TG....AAAC...C.......
3 Cricosaura CA...GT.AT C.GA.C..TTA..T..cevouTe A...AACCCTGC...
4 Lepidophyma CA...AT...AC. G veheveeesConees AC,..
5 Xbolsonae CA...AT....C. WA.....G.TGA...A.AC..
6 Xhenshawi  CA...AT....C. C.GG AG . .....G TGA. ..ACC.C.
7 Xvigilis CA...AT....C. A..TCC....AG..... ..G.TGA...A.ACG.
8 Xriversiana CA...AT............T A..TCC....AG..... S G.TGAL - A AL ettt
1 Gallus GAAGACCCTGTGGAACTTTAAAATCACGACCACCTTACAACCTTACACAECCtClCTGGGTCCICCCICICITIIICCCC
2 Ameiva Aveviernecenensnnns C..G.GC.A.T..A.AACATGATA. .AT..-
2 frtcgg;#ra TA.. GACA
epi yma
H nglsonae
6 Xhenshawi
7 Xvigilis .G..
8 Xriversiana . ....G...c...CCACGA..T JAAACTTT. GT....C-G -------------------------------
------------------------------------------------------ Rt e - 11]
1 Gallus TGGTCGICITTTTTCGGTTGGGGCGACCTTGGAGAAAAAAAAATCCTCCAAACcCKCIGKECKCIICTC'TTCIETAA
2 iva -CeceTAueeeoessAlTo e AC. .0 oC. AT ... .TTATGGGA. A..A TT.AAA.G.TAT..G
3 Cricosaura C...AA........A..T. ...Ac.......CG.T.....G.A..G. JACACTA.-.C...0cu.w.
4 Lepidophyma T GATA.ACAGG. ..CTAC.C.GG..C. .6
5 Xbolsonae .G.CC--... .C.G-- G
6 Xhenshawi -GAAAGG,CCA. -AC.--.CCAA..C.. G
7 Xvigilis .GAAAGGGCCA....C--.CC--......G
8 Xriversiana . .GAAAGG.CCAT...T--.C.--...... G

FIG. 2. Mitochondrial DNA sequences of portions of the 128 rRNA (sites 1-403), 16S rRNA (404-797), and cytochrome b (798-1104)
genes in the chicken (Gallus gallus; Desjardins and Morais, 1990; corresponding to sites 1754—2139, 3354-3741, and 1499115297, respec-
tively), a teiid lizard (Ameiva auberi), and six species of xantusiid lizards. A solid dot denotes identity with the first sequence; a dash
denotes a gap, and an N denotes an ambiguity. Highly variable regions where alignment is uncertain were not used in the analyses and
are indicated by a solid line above the alignment. The 12S rRNA and cyt b lizard sequences are from Hedges et al. (1991) and the 16S
rRNA lizard sequences are new to this study.
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FIG. 2—Continued

analyses combining DNA sequence data from all three
genes. Although we believe that the best estimate of
phylogeny based on molecular data is obtained by com-
bining DNA sequences from multiple genes, it is also
useful to compare phylogenies derived from different
genes for the purpose of appraising congruency (Swof-
ford, 1991). However, this is less important for mito-
chondrial genes (than for nuclear genes) because they
are tightly linked and inherited as a single unit.

The average base composition in the complete data
set (Fig. 2) varies, with a slightly higher proportion of
adenine and a slightly lower proportion of guanine: A
(32.3%), C (25.5%), G (18.1%), T (24.1%). Substitution
frequencies also vary, with a transition bias evident
between closely related species, and a roughly equal
ratio of transitions to transversions in comparisons in-
volving Gallus (Table 1). This same pattern was found
in our earlier study (Hedges et al., 1991) and is typical
of mitochondrial DNA data (Brown et al., 1982).

16s rRNA Analyses

All analyses of the new sequence data from the 16S
rRNA gene support the intergeneric relationships
found by Hedges et al. (1991), i.e., a sister-group rela-
tionship between Lepidophyma and Xantusia (Fig. 3).
The addition of the second outgroup, Gallus, did not
affect this conclusion. Due to the relatively small num-
ber of sites in the 16S rRNA data set, bootstrap values
for the nodes are not high.

The monophyly of the genus Xantusia is supported
in all of the analyses (Figs. 3A—3F), and with a rela-
tively high degree of statistical confidence in the dis-
tance analyses (93-99%). Relationships among the
four species of Xantusia are not well resolved in any
of the 16S rRNA analyses apparently due to the rela-
tively small number of sites in the data set. In all anal-
yses where Gallus was included as the outgroup (Figs.
3B, 3D, and 3F), the monophyly of the family Xantusii-
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FIG. 3. Phylogenetic trees of xantusiid relationships obtained by analysis of the 16S rRNA data (318 sites). All bootstrap values shown
were obtained with 2000 replications. (A, B) Minimum evolution trees (Kimura 2-parameter distance) obtained by rooting with Ameiva
and Gallus, respectively. For each node, there are three bootstrap P-values representing three separate analyses (JC, K, and T distances)
followed by the branch-length significance value. (C-F) Maximum parsimony trees obtained by rooting with Ameiva (C, E) and Gallus (D,
F), and by using either no weighting scheme (C, D), or by weighting transversion five times transitions (E, F). Unresolved nodes indicate

a consensus among multiple most-parsimonious trees.

dae was supported, although the confidence values
were not high. Tree lengths, consistency indexes, and
consistency indexes excluding “uninformative” sites
for parsimony (respectively) for the two unweighted
maximum parsimony analyses are: 193, 0.77, 0.63
(Fig. 3C) and 253, 0.73, 0.63 (Fig. 3D).

Combined Analyses

All analyses of the 1028-site data set combining se-
quences from all three genes support our original find-
ing of a sister-group relationship between Lepido-
phyma and Xantusia (Fig. 4). With Ameiva as the
outgroup, this result is statistically highly significant
(98-100%) regardless of method of analysis, distance
correction, or of weighting transversions (in the case

of PAUP). When the second outgroup (Gallus) is added
(Figs 4B, 4D, and 4F), the bootstrap P-values of the
nodes decrease slightly (93-99%).

The monophyly of the genus Xantusia is supported
in all of the analyses (Fig. 4) and with a very high
degree of statistical confidence (99-100%). Within the
genus Xantusia, a sister-group relationship between X.
vigilis and X. riversiana is supported in all combined
analyses, and this result is statistically significant
(97-99%) both in distance analyses and in the un-
weighted parsimony analyses (Figs. 4A—4D). The sis-
ter group to this pair of species is not strongly resolved
in any of the analyses, although the distance analyses
support X. bolsonae (79—84%). In all analyses where
Gallus was included as the outgroup (Figs. 4B, 4D,
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FIG. 4. Phylogenetic trees of xantusiid relationships obtained by analysis of all available sequence data from three genes (12S rRNA,
16S rRNA, and cyt b; 1028 sites total). All bootstrap values shown were obtained with 2000 replications. (A, B) Minimum evolution trees
(Kimura 2-parameter distance) obtained by rooting with Ameiva and Gallus, respectively. For each node, there are three bootstrap P-values
representing three separate analyses (JC, K, and T distances) followed by the branch-length significance value. (C—F) Maximum parsimony
trees obtained by rooting with Ameiva (C, E) and Gallus (D, F), and by using either no weighting scheme (C, D), or by weighting transversions

five times transitions (E, F).

and 4F), the monophyly of the family Xantusiidae was
supported (76—92%). Tree lengths, consistency in-
dexes, and consistency indexes excluding “uninforma-
tive” sites for parsimony (respectively) for the two un-
weighted maximum parsimony analyses are: 759, 0.80,
0.67 (Fig 4C) and 956, 0.75, 0.65 (Fig. 4D).

DISCUSSION

Our examination of the two morphological charac-
ters supporting the alternative phylogeny of xantusiid
genera found by Crother et al. (1986) has revealed the
existence of serious problems with the morphological
data set. We believe that there are additional problems
with the use of that morphological data set for phyloge-

netic purposes, particularly in the determination of the
outgroup character state(s), and conclude that it does
not provide an acceptable basis for inferring xantusiid
phylogeny.

The new sequence data from the 16S rRNA gene
support the same generic relationships for xantusiid
lizards as we obtained with the 12S rRNA and cyt b
sequences (Hedges et al., 1991). When combined, se-
quences from all three genes continue to support a ro-
bust phylogeny for xantusiid lizards. Virtually all
nodes are statistically highly significant (98-100%
confidence values) in all of the combined analyses
with the teiid lizard Ameiva as outgroup, including
neighbor-joining (different distance corrections) and
maximum parsimony (unweighted, and transversions
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weighted five times transitions). Bootstrap P-values
remain quite strong (83—-99%) when the more distant
outgroup (Gallus) is included, although some values
fall below the 95% level. The only exception involves
the previously noted (Hedges et al., 1991) poor resolu-
tion of branching order of Xantusia bolsonae and X.
henshawi.

Methods of Analysis

Crother and Presch (1993) have criticized the meth-
ods of analysis used in our earlier study. Although we
used distance analyses and maximum parsimony anal-
yses in both of our studies, Crother and Presch (1993)
have used only maximum parsimony in their reanaly-
sis. Crother and Presch did not use the neighbor-
joining method because it “yields only a single tree, an
exact result only when the data are a perfect fit” (Jin
and Nei, 1990).

The study cited by Crother and Presch, Jin and Nei
(1990), actually showed that maximum parsimony is
generally inferior to neighbor-joining in estimating
the true topology in computer simulations involving
different combinations of variables. Therefore, we fail
to see why it was cited as a criticism of neighbor-
joining, That the neighbor-joining method yields a sin-
gle tree could be viewed as an advantage, rather than
disadvantage, of the method. The true phylogeny being
estimated is in fact a single tree, and if the single tree
produced by neighbor-joining is the best estimate of
that true topology, then it is a method superior to oth-
ers. It has been demonstrated that in most cases, and
especially those involving such small numbers of taxa,
the neighbor-joining tree is also the minimum evolu-
tion tree (Nei, 1990), as was the case in this study.

Again referring to neighbor-joining, Crother and
Presch state “because the method yields only a single
tree, it does not allow for the examination of other less
parsimonious, yet competing, hypotheses.” Their use
of the term “parsimonious” with the neighbor-joining
method is unfortunate because it confuses two differ-
ent methodologies. Maximum parsimony is not the cri-
terion used to derive a neighbor-joining tree. Also, they
fail to note that the comparison of alternative topolo-
gies is built into the algorithm for computing the
neighbor-joining tree (Saitou and Nei, 1987; Nei,
1990). Furthermore, the minimum evolution method
is available for those who wish to examine different,
competing topologies (Nei, 1990; Rzhetsky and Nei,
1992). However, comparison of alternative topologies
may not be very useful unless one can determine
whether or not the alternatives are significantly differ-
ent. Felsenstein (1988) reviews the several methods
available to test statistical significance of different to-
pologies. Additional methods have been published uti-
lizing minimum evolution (Rzhetsky and Nei, 1992).
Perhaps the simplest method to use is the bootstrap
(Felsenstein, 1985), which can be applied to distance
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and parsimony analyses. If a parsimony analysis yields
a highly significant grouping with the bootstrap
method, one can expect that alternative groupings will
not be found among the most-parsimonious trees, or
even the near most-parsimonious trees.

Tree Length

Crother and Presch utilized tree length information
to obtain the same result we obtained using the boot-
strap. They found that the 12S rRNA data set and the
combined (12S rRNA + cyt b) data set yielded statisti-
cally significant support for Lepidophyma + Xantusia,
but that the cyt b data set (analyzed separately) did
not. This is exactly what we reported, using the boot-
strap method (Hedges et al., 1991). We should also
point out that the use of only 100 bootstrap replications
by Crother and Presch is inappropriate for the purpose
of determining statistical significance at the 95% level.
The Hedges et al. (1991) study used 1000 replications,
and since that time it has been determined that ap-
proximately 2000 replications are necessary for this
purpose (Hedges, 1992), the number that we have used
in this study.

Insertions and Deletions

Crother and Presch found that the inclusion or ex-
clusion of insertions/deletions and ambiguities did not
have an influence on the trees derived from the 12S
rRNA or combined data sets, but did have an influence
on the results of the cyt b analysis. This agrees with
our finding (Hedges et al., 1991) that the trees derived
from the 12S rRNA and combined data sets had strong
bootstrap support but that the cyt b trees did not.
Therefore we do not see why this represents a criticism
of our study.

Crother and Presch treated insertions and deletions
as ambiguities in the parsimony analysis, and we have
done this here. In reality, insertions and deletions are
not “ambiguities” but potentially can contribute useful
phylogenetic information. Although we did not use
those data in our present analyses, it is interesting
to note how many insertions/deletions unambiguously
support the alternative hypotheses of generic relation-
ships. There are five such cases, all located in the 125
rRNA data (Fig. 2). Three events (two, three, and four-
base deletions) support Lepidophyma X Xantusia
(sites 244—-246; 359-362; 385—386), one one-base dele-
tion supports Cricosaura + Xantusia (site 155), and
one two-base deletion supports Cricosaura + Lepido-
phyma . (sites 338-339). Thus, the insertion/deletion
data appear to support the same phylogenetic relation-
ships obtained with the nucleotide sites.

Transitions and Transversions

In our earlier study, we examined the transition bias
in our data set and concluded that transitions had not
yet reached saturation. We performed the distance
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analyses in that study with a standard multiple-hit
correction (Jukes—Cantor), and in this study with two
additional types of corrections (a Kimura correction for
transition/transversion bias, and a Tamura correction
for transition/transversion bias and base composition
bias), all designed to compensate for the phenomenon
of multiple-hits. All three corrections yielded trees
with identical topologies and nearly identical boot-
strap P-values (Figs. 3 and 4).

There is no satisfactory multiple-hit correction for
discrete-parsimony analysis. Crother and Presch have
used a common method whereby transversions are
given a greater weight than transitions, inversely pro-
portional to their frequency of occurrence. For compar-
ative purposes, we have also done those analyses (Figs.
3 and 4). However, criticism of this weighting approach
has been made elsewhere (Hedges and Maxson, 1992).
The criticism is summarized below.

A transition will convey the same phylogenetic in-
formation as a transversion among sequences that
have not diverged substantially. In greatly diverged
sequences, multiple hits will obscure that phylogenetic
information. Therefore, the problem is one of scaling:
the distance corrections are scaled, the parsimony
weighting method is not. The latter method lowers the
information content of the data set by down-weighting
many transitions that are potentially informative for
phylogeny, especially among closely related taxa. The
net result in a phylogenetic study is to reduce the total
number of sites and thus to reduce phylogenetic resolu-
tion. If transitions are deleted, or given a small weight
(1:10), a data set can be reduced by 50% or more in
terms of the effective number of contributing sites, and
the bootstrap P-values also will be reduced. Further-
more, the focus on transition bias ignores the fact that
transversions also undergo multiple hits. To our
knowledge, no one, including Crother and Presch, has
determined how to correct for multiple hits in trans-
versions in a parsimony analysis.

In this study, weighting of transversion/transitions
had no effect on the intergeneric relationships, and
both weighted trees for the complete data set (Figs. 4E
and 4F) support a Lepidophyma—Xantusia sister group
relationship at high bootstrap P-values (99-100%).

Consistency Index

We reported CI values for each of the parsimony
analyses in our earlier study, as is typically done in
nearly all studies employing parsimony, and Crother
and Presch correctly note the inconsistency regarding
Cls including/excluding uninformative sites. However,
we used the bootstrap method, not the CI, for compari-
son of trees and we did not “discuss” the CI values. We
agree with Crother and Presch that use of the CI for
comparison of trees is problematical, and therefore we
fail to see why those authors have chosen to use the
CI to make comparisons.

Morphological and Molecular Synthesis

We believe that the details presented in this paper
clearly establish that we do not treat morphological
data or phylogenies with “disdain,” but that we have
well-founded reasons for concluding that there are se-
rious problems with the existing morphological data
for xantusiids. In their effort to combine the morpho-
logical and molecular data in a single analysis,
Crother and Presch feared that the small number of
morphological characters would be “swamped” by the
much larger number of molecular characters (sites). To
prevent this from happening, they assigned weights to
the morphological characters in inverse proportion to
their contribution to the combined data set.

Among the flaws of this arbitrary approach is that
the fewer the number of characters in a data set, the
greater is the weight assigned to each of them. This
means that a morphological data set of, for example,
only four characters would be weighted equal to DNA
sequence data for the entire genome. We believe that
this is an unacceptable method. Crother and Presch
noted this problem with the approach but chose to use
it nonetheless. .

In order to derive a weighting scheme for the two
data sets, Crother and Presch used the total number
of nucleotide sites in our earlier study (709), but
counted only the morphological characters “informa-
tive” for parsimony. Although they count 17 such char-
acters for their data set (Crother et al., 1986: their Ta-
ble 1), we count only 9 (13 if the characters are treated
as ordered). In addition, the parsimony analysis uti-
lizes only those “informative” characters and therefore
it is unclear why all nucleotide sites were counted. Of
the 709 sites, there are only 168 parsimony informa-
tive sites. Their weighting ratio (morphological char-
acters: molecular characters) was 40:1, based on the
incorrect counts of 709:17. The correct ratio is 168:13,
or approximately 13:1. Although we point out the er-
rors in their calculations, we do not advocate use of
this approach.

We concur with Swofford’s (1991) arguments that
more is to be gained by comparing phylogenies derived
from molecules with those based on morphology,
rather than by combining the data sets into a single
analysis. Where significantly different topologies are
found, it is especially important to gather new data,
and to reexamine the characters that appear to be re-
sponsible for the incongruencies, rather than to ana-
lyze combined data in the hope of gaining support for
a particular phylogenetic hypothesis.
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