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Abstract. We examine ways of testing for the reliabil- 
ity of inference from biological sequence data using se- 
quences from Xiphophorus fishes and newly imple- 
mented methodology for sequence analysis.  The 
approach we take provides one means to examine the fit 
between model and data for different sequences and 
hence to evaluate heterogeneity between data sets. In the 
case of the present study we show D-loop sequences to 
be a better molecule for studying the phylogeny of Xi- 
phophorus fishes than cytochrome b sequences. The re- 
sults of the split decomposition and spectral analysis 
confirm an earlier phylogenetic hypothesis which had 
been based on maximum parsimony, neighbor-joining, 
maximum likelihood analyses. 
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Introduction 

Reliable phylogenetic inference from biological se- 
quence data is crucial for studies in molecular sys- 
tematics. The desire to understand and improve the 
performance and test the limitations of evolutionary re- 
construction methods with real biological data is a com- 
mon theme in many recent studies (e.g., Golding 1993; 
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Olsen and Woese 1993; Steel et al. 1993a; Hillis et al. 
1994; Lake 1994; Lockhart et al. 1994; Simon et al. 
1994; Yang et al. 1994). 

One new approach to the analysis of biological se- 
quences termed "spectral analysis" (Hendy and Penny 
1993; Hendy et al. 1994) emphasizes the identification of 
signals (patterns) in the data that may arise from different 
causes (e.g., Penny et al. 1993; Lento et al. 1995). This 
approach provides the means to examine such patterns 
when different corrections for unobserved multiple sub- 
stitutions are made and hence to determine the usefulness 
of a given transformation to correct for these. The suc- 
cess of such transformations is measured in terms of their 
ability to resolve conflicting signals which would sup- 
port competing internal edges in reconstructed evolution- 
ary trees. With real biological data and as illustrated in 
the simple case of four taxa there is often some support 
in the spectra for all three possible binary, unrooted trees 
(Fig. 1). However, after an appropriate transformation to 
correct for multiple substitutions has been made the ex- 
pectation is that the correct net phylogenetic signal (sup- 
port--contradictions) will increase (Fig. 1). 

In this paper we use spectral analysis to reexamine a 
recent controversy (Meyer et al. 1994; for reviews see 
Pomiankowski 1994; Shaw 1995) on the role of sexual 
selection in the evolution of sword-like caudal-fin exten- 
sions in males of some species of swordtail (in the genus 
Xiphophorus) fishes. In doing this we demonstrate how 
this approach can be used to (1) examine possible het- 
erogeneity in phylogenetic signal between different 
genes (Huelsenbeck et al. 1994) and (2) address the issue 
of how to objectively determine which sequence data 
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Fig. 1. With four taxa the three possible binary unrooted trees are 
each identified by a unique central edge (i.e., the branch or intemode 
segment between two nodes), these have been labeled eX, eY, and eZ. 
With spectral analysis two possible ways of representing the support in 
the data have been shown. In (i) the amount of support for each of these 
is represented as a histogram whose relative heights indicate their rel- 
ative weights. In (ii) the support for each particular hypothesis is plot- 
ted above the zero point on the X-axis. Below the line is plotted the sum 
of the contradictory support (i.e., sum of the weights for eX and el0. 
When corrected appropriately for multiple substitutions the expectation 
is that false support in the data for the incorrect tree(s) will be removed. 
Such corrections for multiple hits are done on the observed "paths" 
(observed differences) between taxa. A Hadamard transformation (dis- 
crete Fourier transformation; Hendy et al. 1994) is then used to add and 
subtract these paths to get values for the individual edges which make 
up the paths. 

sets will provide the most reliable information for testing 
specific and different biological hypotheses (Meyer 
1994a; Simon et al. 1994). 

Morphological characteristics divide the genus Xipho- 
phorus into swordtails and platyfishes. Each of  these 
groups is also further divided into a southern and a north- 
ern group. However, these common names are somewhat 
misleading because although most platyfishes do not 
possess swords, some do have small swords similar in 
length to those of some of the swordtail species. The 
northern platies group is composed of  three species (X. 
couchianus, X. gordoni, X. meyeri), the southern platies 
group of  six species (X. andersi, X. variatus, X. milleri, 
X. maculatus, X. evelynae, X. xiphidium), the northern 
swordtail group of  nine species (X. continens, X. multi- 
lineatus, X. nigrensis, X. pygmaeus, X. birchmanni, X. 
malinche, X. cortezi, X. montezumae, X. nezahuacoyotl), 
and the southern swordtail group of four (X. clemenciae, 
X. alvarezi, X. signum, X. helleri). Based on a phylogeny 
largely reconstructed from morphological characters and 
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Fig. 2. Unweighted unrooted tree for a phylogeny between eight 
Xiphophorus species which are used in the present study and for which 
phylogenetic relationships are undisputed. Internal edges in the tree are 
labeled el . . . e5. Support for these edges will arise as a result of 
patterns in the data which partition the taxa into different groups. For 
example, if at a given site in the sequence, X. meyeri and X. gordoni 
shared an "A" residue and the other taxa all shared a "G," then under 
simple or no transformation such a pattern is likely to support the 
existence of edge eS. If at a different site, the observed pattern parti- 
tioned the taxa X. meyeri, X. gordoni, and X. milleri from the other taxa, 
then this is likely to support the existence of edge e4. The greater the 
number of such patterns in the data, the more support there will be for 
respective internal edges. 

behavioral experiments with a southern platy and a 
southern swordtail species it has been suggested that the 
sworded condition in males evolved late in the evolu- 
tionary history of species of the genus Xiphophorus in 
response to preexisting female preferences to mate with 
males with swords (Basolo 1990). 

To test the specific role of the sensory exploitation 
model in sexual selection for the evolution of  the exag- 
gerated secondary male characteristics, Meyer et al. 
(1994) recently presented the first molecular phylogeny 
for the Xiphophorus genus. This was based on 1,284 base 
pairs (bp) for 52 specimens of  all 22 Xiphophorus spe- 
cies and six outgroups (from the genera Priapella, 
Poecilia, and AIfaro; of these Priapella was identified to 
be the sister to Xiphophorus). In their study, the correct 
placement of  the outgroups was very important since the 
placement would identify the direction of evolution be- 
tween the sworded and swordless conditions. Their data 
consisted of partial mitochondrial D-loop (402 bp) and 
cytochrome b sequences (360 bp) and nuclear DNA se- 
quences (522 bp of  the tyrosine kinase gene X-src). Each 
data set was analyzed separately and combined using the 
maximum parsimony (Swofford 1993) and neighbor- 
joining methods (Saitou and Nei 1987). On the joint data 
set both methods yielded almost identical phylogenetic 
estimates. These placed the outgroups on an edge (inter- 
node) which separated the northern and the southern 
swordtails (e.g., edge e2 in Fig. 2). On the assumption 
that the root of the tree should join the outgroup edge, 
this placement of  the outgroups suggested that the 
sworded condition was in fact ancestral for the genus. 
This reconstruction contradicted the phylogeny used by 
Basolo (1990), which was based largely on morpholog- 
ical characters, and which Suggested that the root of the 
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tree was be tween  the southern  and nor thern  pla tyf ishes  
(Rosen  1979; Rauchenberge r  et al. 1990; e.g., the place-  
ment  would  be on edge  e5 in Fig. 2). This earl ier  phy-  
logeny  had sugges ted  (1) that  the pla tyf ish  were  para- 
phylet ic  wi th  the nor thern  pla tyf ish  being mos t  ancestral  
and (2) that  the southern  plat ies were  more  c losely  re- 
lated to the swordtai ls  than to the nor thern  platies.  In 
contrast ,  the molecu la r  phy logeny  of  M e y e r  et al. (1994) 
p laced  the root  b e t w e e n  the nor thern  and the southern  
swordtai ls .  This  sugges ted  swordtai ls  were  ancestral  and 
sugges ted  that  the p la tyf ish  are more  der ived than the 
swordtai ls .  Since the correct  evolu t ionary  tree is essent ial  
for  evaluat ing the applicabil i ty of  the sensory  exploi ta-  
t ion hypo theses  of  swords  in male  swordtai l  f ishes,  here  
we  examine  the reliabil i ty of  the molecular  phy logeny  
repor ted  by M e y e r  et al. (1994). 

M a t e r i a l s  a n d  M e t h o d s  

In the first aspect of this study we characterize the nucleotide substi- 
tution properties in the two most variable data sets which comprised the 
joint data set studied by Meyer et al. (1994). These were the cy- 
tochrome b and D-loop sequences. The nuclear X-src data set they used 
did not have sufficient variability to study the phylogeny separately 
since these data contributed a relatively small number of patterns to the 
overall joint data set. 

In order to allow a more detailed study of the sequences used for 
reconstructing the Xiphophorus phylogeny we evaluated the nucleotide 
substitution patterns for a subset of taxa from the different clades for 
which their phylogeny is undisputed--that is, those taxa whose rela- 
tionships are identically described from both the morphological and 
molecular study. Figure 2 shows the relationship between eight such 
taxa. For this tree, we first investigate how well patterns in the cy- 
tochrome b and D-loop sequences suggest the underlying phylogeny. 
We use only third codon position data in the case of cytochrome b since 
most of the patterns in the Xiphophorus cytochrome b sequences which 
indicate support for internal edges in reconstructed trees are in the third 
codon position. There are 120 sites in the third codon position. Of these 
sites, 35 vary with 19 of those exhibiting parsimony patterns (i.e., 
phylogenetically informative sites). No sites in the second codon po- 
sition vary and only two sites in the first eodon position show changes. 
In the eight taxon D-loop data set there are 402 sites. Of these, 43 
positions vary and 34 of these are parsimony patterns. 

Split decomposition analysis (Bandelt and Dress 1992) for these 
eight taxa was carried out using SPLITSTREE V 1.0 (Hnson and 
Wetzel 1994) for both data sets. Hamming distances (observed number 
of differences/total sequence length) were used for these calculations 
(Fig. 3). 

The "support" (relative partition size as measured by spectral val- 
ues) which corresponds to each individual internal edge (el-e5; Fig. 2) 
has also been calculated for Hamming distances and three transforma- 
tions which may describe sequence evolution: Jukes-Cantor distances, 
Kimura 2ST distances, and LogDet values (Steel 1994; Lockhart et 
al. 1994). The corrected partitions, calculated from these path mea- 
sures using a Hadamard method (Hendy et al. 1994), are shown as a 
spectrum in Figs. 4 and 5. The Jukes-Cantor and Kimura 2ST objective 
distances were calculated using DNADIST3.5 (Felsenstein 1993) while 
PREPARE (Penny et al. 1993) was used to calculate the Hamming 
distances and LogDet values. Spectral values were calculated using the 
program HADTREE (Penny et al. 1993). Variances on the spectral 
values have not been calculated. However, support for the partitions 
(which correspond to internal edges el-e5 within both the eight taxon 
cytochrome b and Dloop data sets) has been evaluated by bootstrapping 
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[ [ - x. multineatus 
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Fig. 3. SPLITSTREE graphs for cytochrome b (A) and D-loop (B) 
sequences for the eight taxa also shown in Fig. 2. The graphs were 
computed using an implementation (Huson and Wetzel 1994) of the 
Split Decomposition method of Bandelt and Dress (1992) which pro- 
vides a visual representation of the support for contradictory patterns in 
the data which indicate "weakly compatible splits." For example, in 
Fig. 1 edge eX and eZ contradict each other but they are also held to be 
weakly compatible if eX is greater in size than eY. To represent con- 
tradictory support a SPLITSTREE graph allows a second dimension for 
internal edges instead of single line. Generally speaking, the more 
resolved (less contradicted) a signal appears in a data set the less 
box-like and more tree-like the graph becomes. Figure 3 shows that 
edge e2 is very box-like in the cytochrome b data, whereas it is a 
relatively strongly resolved edge in the D-loop data (see also Fig. 4 for 
comparison with bootstrap measures on neighbor joining trees) 

for Jukes-Cantor and Kimura 2ST distance estimates/neighbor joining 
using MEGA 1.01 (Fig. 4C,D) (Kumar et al. 1993). Jackknifing has 
also been used to examine the effect of sample size on the LogDet 
spectra for eight taxa. That is, spectra were calculated for three ran- 
domly sampled D-loop subsets whose sequence length was equivalent 
to that of the cytochrome b data set (120 sites). For this study with 
D-loop sequences, the base composition of the constant sites was re- 
tained and the varying sites were sampled without replacement in two 
separate experiments. In one, the final number of parsimony sites was 
maintained the same as in the cytochrome b data set. In the second 
experiment the total number of varying sites was kept the same as in the 
cytochrome b data set. 

Maximum likelihood estimates of the phylogenetic relationships 
among the same set of eight taxa and the two outgroup sequences 
(Priapella olmecae and P. compressa) were made using DNAML3.5 
(Felsenstein 1993). Cytochrume b and D-loop data sets were again 
analyzed separately, and the support for Meyer et al.'s (1994) place- 
ment of the root on the edge e2 was evaluated for the same four 
transformations and with bootstrapping. The Jukes-Cantor and Kimura 
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and D-loop (B) sequences for the five internal edges of the Fig. 2 tree 
when the data are both untransformed (Hamming, observed) and ta'ans- 
formed using simple correction formulae (i.e., Jukes-Cantor, Kimura 
2ST, and LogDet). Above the zero point on the Y-axis is plotted the 
support for such edges. Below this point is plotted the sum of the 
conflicts in the data which would contradict each of these edges. The 
values for the partitions which identify these edges are calculated from 
the observed and transformed path measures between sequences using 
a Hadamard transformation (Hendy et al. 1994). For comparison, 
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bootstrap support for the edges el-e5 ila cytochrome b (C) and D-loop 
(D) data have also been calculated under neighbor joining when ob- 
jective distances are estimated using Jukes-Cantor and Kimura 2ST for 
both gamma distributions (shape parameter 0.25, 0.5, 0.75, 1, 2) and a 
constant rate of change across all sites. The respective % bootstrap 
support for each edge is indicated in the figure. Very little difference in 
bootstrap values was found for both data sets when distances were 
estimated using a gamma distribution with shape parameters from 0.5 
to 2.0. 
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2ST transformations with neighbor joining have also been calculated 
using MEGA1.01 (Kumar et al. 1993). The spectral support calculated 
using HADTREE (Penny et al. 1993) for the internal edge partitions in 
the ten taxon spectra for Meyer et al.'s phylogeny is reported in Fig. 6. 

Results and Discussion 

The Fit Between Data and Model 

If the relationships between taxa are well established 
then it is possible to examine how well sequence data 
determined from these species support the underlying 
phylogeny. For Xiphophorus fish such a phylogeny is 
shown in Fig. 2. The fit of the cytochrome b and D-loop 
data to this phylogeny is examined in Figs. 3 and 4. 

With the D-loop data, all internal edge partitions of 
the tree are well resolved (Fig. 3B and 4B) and trans- 
forming the data to correct for multiple changes has little 
effect on the spectral values (Fig. 4B). This presumably 
occurs because the data show little effect from multiple 
substitutions or base composition differences. Conse- 
quently, the observed patterns in the data (at least for this 
subset of taxa) are likely to be good indicators of phy- 
logeny. 

In contrast, the cytochrome b data show unusual char- 
acteristics. An indication of this is given from the spec- 
tra, where transformation of the data using the LogDet 

algorithm dramatically changes the support for and 
against some edge partitions (Fig. 4A). This change oc- 
curs despite base compositions being similar in all com- 
pared cytochrome b sequences. Hence, the different 
spectra do not result from the LogDet correcting for base 
composition differences as in Lockhart et al. (1994). Fur- 
ther, the LogDet transformation does not help resolve 
conflicts as would be expected if it better described the 
actual mechanism of sequence evolution for these data. 
The edge partition e2, which has high support in the 
D-loop data (Figs. 3B, 4B,D), is the smallest (and the 
edge with the most conflicts) in the cytochrome b data 
(Figs. 3A, 4A,C). If the variances on the LogDet values 
were large as sample size became small then the different 
size of the cytochrome b and D-loop data sets might 
explain the observed spectra. However, this was tested 
by randomly sampling D-loop positions to construct a 
data set the same length as that of the cytochrome b data. 
Unlike the cytochrome b data the subset D-Loop data 
still showed similar spectra for observed and LogDet 
values. This observation suggests that nucleotide substi- 
tution properties differ between the cytochrome b and 
D-loop sequences. 

Rooting the Tree 

In a case where the patterns in sequence data do not 
strongly support the internal edges (i.e., cannot be used 
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Fig. 5. Spectra for cytochrome b (A) and D-loop (B) sequences for 
ten taxa which include the eight taxa shown in Fig. 2 plus two outgroup 
sequences. Above the zero point on the Y-axis is plotted the support for 
the internal edges that describe a hypothesis congruent with the D-loop 
tree. Below this point is plotted the sum of the patterns in the data 
which contradict each of these edges. For both cytoehrome b and 
D-loop sequences the spectra are presented in the same order as that 
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described in the legend to Fig. 4---i.e., the spectra for Hamming dis- 
tances, Jukes-Cantor distances, Kimnra 2ST distances and LogDet val- 
ues. The placement of the outgroups in the D-loop tree gives rise to two 
additional internal edges: e6 and e7 (Fig. 6B). In the observed cy- 
tochrome b spectra e7 is -21x the size of e2. In the D-Loop spectra it 
is -3x the size of e2. 
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reliably to estimate the agreed-upon phylogeny) in an 
expected phylogeny it may be unrealistic to expect that 
addition of outgroup taxa (to help root that tree) could 
result in reliable inference. This follows from earlier ob- 
servations on the problems of tree reconstruction when 
evolutionary trees are made up of long and short edges 
(Hendy and Penny 1989; Takezaki and Nei 1994). 

Figure 2 shows the unrooted tree for a subset of the 
phylogeny recently proposed by Meyer et al. (1994). 
Fitting the observed data for both cytochrome b and 
D-loop sequences to this tree requires that an outgroup 
edge-e7 joins edge e2. With the D-loop data this is the 
optimal tree found using maximum likelihood (Fig. 6B), 
branch and bound "uncorrected" parsimony (Steel et al. 
1993b), and Neighbor Joining (on observed, Jukes- 
Cantor, Kimura 2ST, LogDet values). In the case of 
neighbor joining with the Jukes Cantor or Kimura 2ST 
transformed data, bootstrap support for this outgroup 
placement was estimated to be between 89 and 94% (for 
gamma distribution shape parameters 0.5, 0.75, 1, 2, con- 
stant rate) (Fig. 4D). Confidence in this tree is also im- 
proved from the observation that the spectra for the 
D-loop observed or symmetrically corrected and LogDet 
transformed data is very similar (Figs. 4B, 5B). Since the 
LogDet is not yet implemented to accommodate different 
rates across sites and, further, since it has been suggested 
as being very susceptible to such effects (Lake, pers 
comm), this similarity of spectra together with the re- 
ported strong bootstrap results in Fig. 4C,D suggests that 
these D-loop data are sufficiently well described by the 
assumption that all sites in the sequences are changing 
independently, identically, and at the same rate. These 
assumptions are explicit in the implementation of the 
Jukes Cantor, Kimura 2ST, and LogDet transformations 
used in the spectra (Figs. 4, 5), SPLITSTREE graphs 
(Fig. 3), and also in the implementation of maximum 
likelihood used to reconstruct the tree in Fig. 6. 

Given this apparent fit between these method assump- 
tions and these D-loop data, the methods of tree recon- 
struction used here (all except uncorrected parsimony) 
should also correct for any additional long/short edge 
problem that might arise either because of inadequate 
sampling (Hendy and Penny 1989; Penny et al. 1994) or 
from rate differences between lineages (Felsentein 
1978). Hence, with these D-Loop data and the methods 
of tree reconstruction used placement of the outgroup 
should be reliable. 

However, with the cytochrome b data, the spectra 
(Fig. 4) show that fitting the outgroup edge (eT) onto 
edge e2 requires placing a very long edge onto a very 
short edge for which there is a large amount of internal 
conflict in the data (Fig. 4A,C; 5A and legend). In this 
case, because the pattern of sequence change in the eight 
sequences studied does not strongly support the expected 
unrooted phylogeny (possibly because the sequences are 
not changing independently or identically) the actual 
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Fig. 6. Maximum likelihood estimate for the same eight species of 
Xiphophorus (as in Figs. 2, 3) plus two outgroups made using DNAML 
3.5 (T = 2; Felsenstein 1993) for the evolutionary trees shown cy- 
tochrome b (A) D-loop (B). The trees were reconstructed using two 
outgroup sequences and are drawn to suggest rooted phylogenies. The 
trees differ in the placement of the outgroups. 

placement of the outgroup edge is likely to be unreliable. 
Consistent with this expectation, reconstructed trees 
from these cytochrome b sequences using the same phy- 
logenetic methods as here (which when applied to the 
D-loop data produced only one optimal unweighted tree) 
are also not congruent. The optimal tree reconstructed 
with cytochrome b data using a maximum likelihood 
procedure is shown in Fig 6A. Bootstrap support mea- 
sured for Jukes-Cantor and Kimura 2ST distances with 
neighbor joining also shows relatively low values sup- 
porting that root placement (Fig. 4C). Indeed as the 
shape parameter for gamma distributions is changed so 
does the edge onto which the outgroup joins. Such place- 
ments are either onto the X. meyeri edge (as in Fig. 6) or 
onto the edge separating X. meyeri and X. gordoni from 
the other taxa. For shape parameters between 0.5 and 2 
bootstrap values range from 54 to 66% (Fig. 4C). 
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Cytochrome b and D-loop Sequence Evolution 

We use the spectra for cytochrome b and D-loop se- 
quences to make inferences about the reliability of tree 
reconstruction from these two independent data sets. 
Since both the cytochrome b and D-loop segments are 
widely used as phylogenetic markers (reviewed, e.g., in 
Meyer 1993, 1994a,b) in molecular systematics the re- 
sults from the present study may also have general im- 
plications. 

Our observations identify contradictory patterns in the 
cytochrome b sequences which cannot be corrected for 
by using three simple mathematical transformations 
which correct for unobserved multiple substitutions 
(Figs. 4A, 5A). In contrast, the spectra, for the D-loop 
sequences from the same taxa, and using the same cor- 
rections as used in cytochrome b, show a much clearer 
resolution of compatible signals (Figs. 4B, 5B) that 
uniquely fit one evolutionary tree (Fig. 6B). 

In their earlier study which included sequences from 
a much larger number of taxa (52 individuals sampled to 
give 36 representative sequences), the observations of 
Meyer et al. (1994) also support these findings. That is, 
using the same heuristic search options under uncor- 
rected parsimony, these authors found that the D-loop 
sequence data gave far fewer optimal trees (six shortest 
trees all with the same root placement; length 335, C1 = 
0.633, RC = 0.482) than did the cytochrome b sequences 
(all codon positions considered; 100+ shortest trees, al- 
most half showed different root placements; length 285 
steps, C1 = 0.596, RC = 0.438). 

Testing the Fit Between Model and Data 

Where possible, in other studies it may be advantageous 
to attempt to characterize the extent of the fit between 
model and data rather than to just place faith in the 
robustness of a given method. The approach adopted for 
examining fit in this communication has been to examine 
the net support (signal--contradiction; see Fig. 1) under 
different transformations for partitions that are known to 
occur in an undisputed tree. This approach may in some 
cases be preferable to one of predicting data (given a tree 
and an explicit mechanism of sequence evolution) and 
then comparing such simulated data to the experimen- 
tally determined biological sequence data. We have used 
this other approach elsewhere (e.g., Lockhart et al. 1992; 
Hendy et al. 1994) but find, as do others (GJ Olsen, pers 
comm; Goldman 1993), that such predicted data can of- 
ten show a poor fit to the optimal tree without clades in 
the reconstructed tree being necessarily wrong. 

In our present study we have used the LogDet trans- 
formation of Steel (1994) and examined the spectral 
patterns of an established phylogeny for the purpose of 
examining data-model fit. The LogDet's present imple- 
mentation allows compared sequences to show irregular 
patterns of nucleotide frequency but it does require that 

all sites in these sequences change independently, iden- 
tically, and with the same rate of change across sites. 
While these assumptions are also important for the im- 
plementation of other transformations used in our spec- 
tral study, the LogDet has been suggested to be particu- 
larly susceptible to deviations from these requirements. 
This subject still requires further detailed study. 

In the context of this paper, the poor resolution of 
expected patterns in cytochrome b data under all trans- 
formations tried suggests that the Xiphophorus cy- 
tochrome b third codon positions may not be evolving 
such that all sites are changing independently and iden- 
tically. This observation must bring into question the 
reliability of inference for these cytochrome b sequences 
until it can be determined how such deviations will affect 
the different path-length estimates made using simple 
transformations. In contrast, given present understanding 
of tree-building methods and the apparent fit of data and 
model for the D-loop data, our findings support earlier 
conclusions by Meyer et al. for a revised phylogeny of 
Xiphophorus fishes. 

Our results also support earlier concerns on phyloge- 
netic inference from some other sequence data sets 
(Meyer 1993, 1994a,b; Avise 1994)--~at because of 
different rates of change and processes of sequence evo- 
lution, some genes or portions of genes may be more 
useful and appropriate than others for testing particular 
phylogenetic hypotheses. In the present context this ob- 
servation gives rise to an additional issue. 

Heterogeneity Between Data Sets and Joint Analyses 

The results from the present work highlight the question 
of whether different sequence data sets should be jointly 
analyzed or examined independently. In our study, the 
cytochrome b and D-loop sequences produce very dif- 
ferent spectra for the same taxa. Hence, it would seem 
inappropriate to jointly analyze these data. In fact, our 
observations suggest that inference from the Xiphopho- 
rus cytochrome b data is misleading and hence for the 
moment should be discounted. 

Since the reliability of methods of tree reconstruction 
of biological sequence data is still poorly understood we 
agree with the views expressed by Huelsenbeck et al. 
(1994). These authors point out that when data sets are 
combined jointly without addressing possible evolution- 
ary heterogeneity there is a risk of phylogenetic esti- 
mates failing to accurately represent the history of the 
group in question. 

In the present paper, we have used one study to dem- 
onstrate how recent methodology might be implemented 
to investigate the significance of observed heterogeneity. 
The approach should also be helpful in other studies 
where there is a need to evaluate both the substitution 
properties and potential of different genes for testing 
particular biological hypotheses. 
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