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Advantages and Disadvantages of Molecular
Phylogenetics: A Case Study of Ascaridoid Nematodes’

S. A. NADLER?

Abstract: The advantages of nucleotide sequence data for studying phylogeny have been shown to
include number of potential characters available for comparison, rate independence between mo-
lecular and morphological evolution, and utility of molecular data for modeling patterns of nucle-
otide substitution. Potential pitfalls have also been revealed and include difficulties of inferring
positional homology, incongruence between organismal and gene genealogies, and low likelihood of
recovering the correct phylogeny given certain patterns in the timing of speciation events. Statistical
methods for comparing phylogenetic hypotheses have been used to assess the reliability of alterna-
tive trees for ascaridoid nematodes. Based on partial ribosomal RNA sequences, tree topologies
inconsistent with monophyly of the Ascaridinae were significantly worse by maximum likelihood
inference. The topology of the maximum parsimony tree based on full-length sequences of 185
rRNA and 300 nucleotides of Cytochrome oxidase II for 13 ascaridoid species was generally con-
sistent with traditional taxonomic expectations at lower ranks, but inconsistent with most proposed
arrangements at higher taxonomic levels.
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During much of this century, proce-
dures for estimating phylogenetic relation-
ships have been thought to lack the level of
objectivity characteristic of other analytical
scientific methods, and, until recently,
phylogenies were regarded as having little
utility beyond the construction of genea-
logically correct classifications. During the
last decade, advances in both molecular
and phylogenetic methods have dramati-
cally changed this common viewpoint. In-
ferred evolutionary trees (phylogenetic hy-
potheses) are now recognized as forming
the necessary framework for comparative
study of a wide spectrum of subjects both
within and outside the traditional bound-
aries of evolutionary biology (1,2,8). For
example, phylogenetic studies have been
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used to infer the genealogies of genes com-
prising larger multi-gene families (13,28),
investigate rates of molecular evolution
(6), and trace the molecular epidemiology
of infectious diseases (15). Substantial the-
oretical advancements in methods of infer-
ring phylogenetic trees have followed the
growth of molecular systematic studies (10,
16,21). This growing body of information
has revealed some of the implicit assump-
tions underlying different tree inference
methods, and, for simple cases, the condi-
tions under which particular tree-building
procedures are likely to yield erroneous
results. Additional theoretical modeling is
required to understand potential pitfalls of
tree estimation procedures for larger data
sets with more complicated components
(10,21). Clearly, much remains to be stud-
ied concerning methods of phylogenetic
inference based on nucleotide sequence
data. As summarized by Felsenstein (4), in-
ferring evolutionary history should be
viewed as “making an estimate of an un-
known quantity, in the presence of uncer-
tainty, and using a probabilistic model of
the evolutionary process.” Given that the
level of confidence in any individual esti-
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mate may be difficult to quantify, phyloge-
netic trees should be viewed as provisional
hypotheses that may change pending ac-
quisition of additional data or application
of improved analytical procedures.

ADVANTAGES AND DISADVANTAGES OF
SEQUENCE DaTta

Advantages: One major advantage of se-
quence data is the large number of poten-
tial characters available for inferring rela-
tionships. The number of nucleotide char-
acters that can be obtained efficiently for
comparative evolutionary studies has
grown tremendously since the introduc-
tion of the Polymerase Chain Reaction
(PCR) in 1985 (22). In theory, the amount
of available data for nucleotide-based stud-
ies of evolutionary relationships is limited
only by the number of homologous and
independent characters for the taxa inves-
tigated. In practice, many coding and non-
coding sequence regions may be relatively
uninformative about evolutionary rela-
tionships due to inappropriate rates of nu-
cleotide substitution for the time scale of
the speciation events studied.

A second advantage of nucleotide-based
studies is that substitutions within struc-
tural genes are decoupled from changes in
morphology (29). It is undisputed that
morphological evolution has a genetic
basis. However, substitutions in the struc-
tural loci typically sequenced in phyloge-
netic investigations are not expected to in-
fluence the external phenotype. There-
fore, orthologous molecular comparisons
can be useful for phylogenetic investiga-
tion when morphological features are not
(for example, when rapid morphological
evolution makes determination of struc-
tural homologies difficult or, conversely,
when morphological change is so conser-
vative that few characters are variable
among the ingroup species).

A third advantage of nucleotide data is
that information from the sequences
themselves can be useful for specifying pa-
rameters of the model of sequence evolu-
tion, which, in turn, influences the topol-
ogy of the inferred tree. Thus, informa-
tion on the likelihood of different classes

of substitution events for a particular nu-
cleotide sequence can be valuable for
choosing the most appropriate model of
sequence evolution and estimating the tree
topology. For example, recent empirical
studies on the accuracy of phylogenetic es-
timates (10,21) have demonstrated that
methods that incorporate information on
expected differences in the frequencies of
transition versus transversion substitutions
yield more accurate estimates of evolution-
ary history.

Disadvantages: Prior to any evolutionary
analysis, orthologous sequences from dif-
ferent species must be aligned to establish
homology by nucleotide position. Infer-
ences of positional homology are critical
for all subsequent analyses of tree struc-
ture and reliability, and for more common-
ly reported features of sequence compari-
son such as percent identity. Inferences of
positional homology are frequently more
problematic for non-coding nucleotide se-
quences because penalties for insertion-
deletion events determine the extent of se-
quence similarity during pairwise and mul-
tiple alignment. The introduction of
unlimited gaps would allow any two se-
quences to match perfectly; therefore, the
outcome of a multiple alignment depends
on the gap penalty values applied. Unfor-
tunately, the utility of a particular gap pen-
alty value must be assessed a posteriori,
and not from factors intrinsic to the se-
quences. Thus, computer-assisted multiple
alignments are often based on arbitrarily
assigned gap penalties that are then uni-
formly applied to the sequences. With high
rates of nucleotide substitution or inser-
tion-deletion events, confidence in posi-
tional homology for certain regions of
non-coding sequence may be low, and
these regions may need to be excluded
from the phylogenetic analysis. In con-
trast, a significant advantage of protein-
encoding gene sequences is that the amino
acid sequence of the polypeptide is usually
more conserved than the underlying nu-
cleotide sequence due to degeneracy of the
genetic code and functional constraints on
amino acid substitutions. As a result, mul-
tiple alignment of protein coding nucle-



Molecular Systematics of Ascaridoids: Nadler 425

otide sequences is best performed on the
deduced amino acid sequence, and in-
ferred loss or gain of individual amino ac-
ids can then be used to place gaps corre-
sponding to codon loss or gain.
Molecular phylogenies are usually based
on comparison of sequences representing
a single orthologous gene from many spe-
cies. A potential shortcoming of this ap-
proach is that the evolutionary history of
species can be incongruent with the gene-
alogy of a single gene (19). Because in-
traspecific polymorphism is a common fea-
ture of populations, a large proportion of
genetic loci will include multiple alleles
that have arisen in an ancestor-descendant
manner from pre-existing alleles. Thus,
the origin of extant alleles in ancestral taxa
may predate the speciation events that
yielded the organisms in which the alleles
are currently found. Whether a gene ge-
nealogy is congruent with the pattern of
organismal speciation depends on the pat-
tern of allele sorting and loss over time. In
the absence of independent evidence, it is
not possible to assess if a tree topology
based on a single gene sequence is likely to
represent the genealogy of the species. By
contrast, when independently derived
trees representing two or more unlinked
gene loci show congruent topologies, the
organismal phylogeny can be accepted
with greater confidence. Similarly, congru-
ence between genealogies inferred from
independent analyses of mitochondrial
and nuclear genes most likely results from
the common cause of speciation over time.
Phylogeny estimation benefits from
studying molecules with rates of change
that are appropriate given the timing of
the speciation events. However, it is not
always possible to produce reliable esti-
mates of evolutionary history using molec-
ular data. Both Nei (19) and Lanyon (14)
modeled the effects of time of shared ver-
sus independent ancestry (Fig. 1) within a
phylogeny on the probability of recovering
the correct tree with different rates of nu-
cleotide substitution. In summary, rapidly
evolving gene sequences may retain infor-
mation on the correct tree topology if the
time of independent ancestry for sister

Species C
Species B
Species A

Independent
ancestry

A‘ed ancestry

Fic. 1. Hypothetical tree depicting periods of
shared and independent ancestry for species A and
B. Differences in the relative lengths of time corre-
sponding to the internal branch (shared ancestry) and
the external nodes or terminal branches (indepen-
dent ancestry) leading to species A and species B af-
fects the probability of recovering the correct tree
topology with molecular data.

taxa is short. Conversely, if this time is
long, shared-derived character states in-
herited from the common ancestor of the
sister taxa are likely to be lost due to mul-
tiple substitutions at sites that were once
phylogenetically informative. If the period
of shared ancestry is short, slowly evolving
sequences are likely to be uninformative
because the probability of a substitution
leading to evolutionary information (a
shared-derived character) is low, regard-
less of the time period of independent an-
cestry. In the scenario where the time of
shared ancestry is short and independent
ancestry is long, most sequences are likely
to be depauperate in sites that are infor-
mative about the correct topology. These
examples show that there are real evolu-
tionary scenarios where nucleotide se-
quence data are unlikely to be useful in
recovering organismal genealogy.

PHYLOGENETIC INFERENCE

Considerable debate has been focused
on the relative merits of different methods
of estimating phylogenetic relationships
from nucleotide sequence data (21,27). Re-
cent theoretical and empirical studies of
tree inference methods have demon-
strated the advantages and disadvantages
of different approaches, and have shown
that there is no method of inference that
can be universally applied to produce er-
ror-free trees (21). For this and other rea-
sons, phylogenies are best regarded as
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“working hypotheses” because the de-
picted relationships may be subject to revi-
sion as more appropriate methods of anal-
ysis (models) become available. Although
all current molecular approaches have po-
tential drawbacks, nucleotide sequence
data remain advantageous in that theoret-
ical and empirical advances in molecular
evolution contribute to the ability to spec-
ify an appropriate model of substitution.
From a practical standpoint, molecular sys-
tematists need inference methods that re-
cover the correct tree under the ideal
model of substitution {(consistency) and
also with significant deviations from the
model (robustness). This is a particularly
challenging area for future research (21).

Methods of phylogenetic inference that
employ some criterion of optimality in
evaluating alternative trees, such as maxi-
mum parsimony or maximum likelihood,
are characterized by a fundamental diffi-
culty in that large numbers of different
trees must be compared. For example, for
five taxa there are 15 different rooted bi-
furcating trees, whereas for 10 taxa there
are more than 2 X 10°. Although evaluat-
ing an optimality criterion for a single tree
is simple, searching for the optimal tree(s)
among the set of all trees can be extremely
difficult; in fact, there is no computation-
ally efficient algorithm for solving this
problem (27). Given this difficulty, non-
exact (heuristic) search methods are often
used for studies of moderate numbers of
taxa, and although such algorithms usually
perform well, they may fail to recover the
tree(s) that best fit the optimality criterion.
Another difficulty is that different meth-
ods of inference utilize different amounts
of potential information in the sequences
themselves. For example, methods based
on pairwise genetic distances use fewer of
the available data as the number of taxa (n)
is increased because the number of pair-
wise distance values in the matrix increases
as a function of n?%, whereas the number of
different trees to be evaluated increases
exponentially.

When a molecular investigation yields a
single best tree (point estimate), investiga-
tors are faced with assessing the reliability

of this result. Although tests of reliability
such as bootstrapping cannot be equated
with accuracy, assessment of the relative
level of support for various clades within
the tree is warranted prior to systematic
interpretation. In addition, analytical tests
are available to determine if alternative
tree topologies are significantly worse than
the point estimate. One caveat for resam-
pling methods and analytical tests is that
these approaches are dependent on the as-
sumptions of the particular inference
method used and the limitations of the
available data. For example, if the gene
tree under investigation is incongruent
with the history of the species, then a reli-
ably supported topology will be positively
misleading with respect to the species phy-
logeny. Likewise, even when alternative
trees are significantly worse than the point
estimate, it is possible that the point esti-
mate is incorrect and the alternatives are
simply worse given the available evidence.

MOLECULAR SYSTEMATICS OF
THE ASCARIDOIDEA

Secernentean nematodes of the super-
family Ascaridoidea are common gas-
trointestinal parasites hosted mainly by
carnivorous vertebrates occupying terres-
trial and aquatic habitats. In the most com-
monly used classifications, four (3,5) or
five (7) families are recognized. Most of
the approximately 60 accepted genera are
distributed between the families Ascarid-
idae and Anisakidae. The vast majority of
ascaridoid diversity is found among ma-
rine fish, crocodilian, snake, and terrestrial
mammalian hosts (25). Relatively few spe-
cies parasitize hosts that are normally her-
bivorous, and in such cases development
from juvenile to adult can usually be com-
pleted within the definitive host following
ingestion of embryonated eggs. By con-
trast, the majority of ascaridoids that have
been characterized require intermediate
or transfer hosts to complete their life cy-
cles. Species in the subfamilies Ascaridinae
and Toxocarinae, which are principally
parasites of terrestrial mammals, are re-
sponsible for diseases in domesticated ani-
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mals and wildlife. Ascaris lumbricoides is the
causative agent of human ascariasis, and,
as juveniles, other ascaridoid species are
responsible for human diseases such as vis-
ceral larva migrans and anisakiasis.

It has proved difficult to define a large
number of homologous morphological
characters for phylogenetic analysis of as-
caridoid species. Fagerholm (3) has com-
piled the available information, which in-
cludes data on 22 morphological charac-
ters from species representing 47 of the
described genera. Unfortunately, the util-
ity of these data for assessing phylogenetic
relationships has not yet been evaluated.
Published evolutionary hypotheses for as-
caridoid species usually have been based
on an investigator’s emphasis of one or few
“key” morphological features or life cycle
characteristics (5,11,20,24,25). These pro-
posals conflict with respect to relationships
among higher taxa, and hypotheses for the
relationships of genera within subfamilies
are virtually nonexistent. Protein-electro-
phoretic and immunological data have also
been of limited usefulness for phyloge-
netic inference due to the high level of ge-
netic differentiation between congeners
(17). By contrast, partial sequences of 185
and 288 ribosomal RNA have been shown
to have utility for estimating phylogenetic
relationships for representative ascaridoid
taxa (18). Herein, the results of previously

published results are reviewed, and the
usefulness of both full-length 185 rRNA
and partial cytochrome oxidase II (mito-
chondrial) sequences are explored for a
greater diversity of ascaridoid taxa.

In a previous study (18), a data set con-
sisting of 395 sites of ribosomal RNA se-
quence, including 18S and 28S regions,
was compared for eight ascaridoid species
and rooted using 18S sequence for the out-
group Caenorhabditis elegans. Seven in-
group taxa used in this analysis were from
the Ascarididae, four species from the As-
caridinae (Ascaris suum, Parascaris equorum,
Baylisascaris procyonis, and B. transfuga), two
from the Toxocarinae (Toxocara cati and T.
canis), and one from the Heterocheilinae
(Heterocheilus tunicatus). The other ingroup
species (Terranova caballeroi) was the only
specimen considered to represent a differ-
ent family (Anisakidae), sensu Gibson (5).

These sequence data were analyzed us-
ing two distinct character-state ap-
proaches—maximum parsimony (MP) and
maximum likelihood (ML). Seventy-nine
of the 395 sites in the aligned sequences
were phylogenetically informative by the
minimum substitution method of MP.
Analysis of ascaridoid taxa by MP resulted
in a single minimum-length tree of 226
steps (Fig. 2). Bootstrap resampling cou-
pled with MP analysis recovered the iden-
tical topology and suggested that many of

— Ascaris suum

Ascaridinae 98

Ascarididae
79

Toxocarinae

99 |

Parascaris equorum

98 Baylisascaris procyonis
72 E—

Baylisascaris transfuga

Toxocara cati

Toxocara canis

Terranova caballeroi

Heterocheilus tunicatus

FiG. 2. Maximum parsimony (MP) tree based on analysis of 395 sites of 18S and 28S sequence (18).
Bootstrap percentages of clades are shown below internal nodes. Branch lengths are scaled to the number of
substitutions inferred by parsimony analysis. This tree was rooted based on MP analysis of partial 18S data,
with C. elegans as the outgroup (18). These sequences are deposited as GenBank accession numbers M90441-

M90456.
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the clades within the tree received a rea-
sonable level of support (Fig. 2). For exam-
ple, species representing the Ascaridinae
and Toxocarinae were monophyletic in
more than 95% of the bootstrap MP repli-
cates. The topology recovered by the MP
analyses was very similar to that obtained
by ML analysis, in which all aligned sites
were evaluated according to a model of
substitution in which the expected rate of
transitions was twice that of transversions.
The ML tree (Fig. 3A) differed from the
shortest MP tree (Fig. 3B) only with re-
spect to monophyly of the Baylisascaris spe-
cies. Based on overall morphological simi-
larity, species in the genera Ascaris and
Baylisascaris are traditionally considered to
be closely related. Therefore, the high
level of bootstrap support for the clade
consisting of P. equorum and A. suum was
unexpected. To determine if traditional
arrangements of taxa and other alternative
evolutionary hypotheses were significantly
worse, competing trees were tested statis-
tically by the ML method of Kishino and
Hasegawa (12). This analytical approach is
useful for determining which groupings in
the tree are reliably supported, given the
assumptions of the inference method and
the limitations of the available data. For

T.ct T.cn
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Y /
H.t/ | I \A.s
B.t B.p
C
T.cn T.ct A.s
B.p

Te.c\ Y I
Ht |
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’
N\
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example, for these data, the MP tree (Fig.
3B) was not significantly worse than the
optimal ML tree (Fig. 3A) as assessed by
the mean and variance of log-likelihood
differences between trees (18). Likewise,
the traditional expectation of an Ascaris
plus Baylisascaris clade (Fig. 3C) was not
significantly worse than the topology de-
picting a P. equorum plus A. suum clade (Fig.
3A). This shows that although these data
yield a single point estimate by ML infer-
ence, the depicted relationships for the As-
caridinae were not strongly supported in a
statistical sense. In contrast, alternative
trees that did not preserve the monophyly
of the Ascaridinae or Toxocarinae were
significantly worse (e.g., Fig. 3D), as were
arrangements that separated congeners
(18). These statistical tests suggest that
these rRNA data are most informative for
deeper branches in the tree, and this inter-
pretation was also supported by the num-
ber of inferred substitutions for internal
branches of the MP and ML trees (18).
Recently, the utility of full-length 188 se-
quences and protein-encoding mitochon-
drial sequences has been explored by sam-
pling additional taxonomic diversity within
the Ascaridoidea. Nuclear-encoded rRNA
sequences, particularly the conservatively

B
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Fic. 3. Alternative tree topologies for 185/28S data compared by statistical methods (12,18). A) Optimal
maximum likelihood tree. B) Optimal parsimony tree, not significantly worse than Fig. 3A. C) Tree with
traditional Ascaris plus Baylisascaris clade, not significantly worse than Fig. 3A. D) Tree with non-monophyletic

Ascaridinae, significantly worse than Fig. 3A.



Molecular Systematics of Ascaridoids: Nadler 429

evolving 18S subunit, have traditionally
been used to infer relationships among rel-
atively distantly related organisms. The ex-
pectation for the Ascaridoidea is that 188
rRNA sequences should be informative for
defining relationships among major lin-
eages of ascaridoids, but remain relatively
uninformative for closely related taxa (for
example, species within a genus). In con-
trast, most mitochondrially encoded genes
are expected to be characterized by more
rapid rates of nucleotide substitution.
Thus, cytochrome oxidase subunit II
(COX II) sequences are expected to show
more variation among closely related spe-
cies and have greater utility for estimating
relationships for closely related taxa.
These expectations have been confirmed
for the ascaridoid species compared (Fig.
4); on a per-nucleotide basis, COX 1I se-
quences have a 10-fold greater number of
phylogenetically informative sites (parsi-
mony criterion) than 18S sequences.
Full-length sequences of the 18S riboso-
mal RNA have been obtained for 13 spe-
cies by using PCR-amplified DNA as the
template for double-stranded cycle se-
quencing (23). In addition, internal oligo-
nucleotide primers were used to amplify
90% of the mitochondrial COX 1I gene.
For the following preliminary analyses,
partial COX II sequence data (300 nucle-
otides) and full-length 18S rRNA se-
quences were combined for phylogenetic
inference. For the 188 sequences, nucle-
otide alignments were performed using
the CLUSTAL V computer program (9).
For COX 1I, amino acid sequences were
deduced using the nematode mitochon-
drial code (30), and the resulting polypep-
tides were aligned using CLUSTAL V.
This alignment was used to infer positional
homology for the COX II nucleotide se-
quences. Phylogenetically informative sites
in the aligned sequences were identified
and analyzed by MP using PAUP version
3.0 (26). For COX II, only informative
sites corresponding to first and second po-
sitions of codons were included in the anal-
ysis; third position changes were excluded
because these sites are likely to be ho-

moplastic due to multiple nucleotide sub-
stitutions.

Inferred trees in this preliminary analy-
sis were rooted by H. tunicatus, which was
the basal ingroup taxon in previous analy-
ses that included C. ¢legans as the outgroup
(18). To compensate for potential differ-
ences in the rate of transition versus trans-
version substitutions in these data, MP
analysis was employed using a stepmatrix
that weighted transversions five times
greater than transitions. The weighted MP
analysis yielded a single shortest tree of
236 steps (Fig. 4); unweighted MP analysis
of these data, including phylogenetically
informative gaps in the 18S sequence,
yielded the same tree topology (102 steps).
Bootstrap MP support for clades in the
weighted analysis exceeded 60% (Fig. 4) in
groups including: (A. suum, P. equorum),
the Ascaridinae (Ascaris, Parascaris, Bayl-
isascaris, and Toxascaris), the Goeziinae
sensu Gibson (Iheringascaris, Hysterothy-
lacium, and Goezia), and the Anisakinae
(Anisakis, Pseudoterranova). The topology of
the minimal-length MP tree is generally
consistent with traditional expectations at
lower taxonomic levels. At higher taxo-
nomic levels this tree topology is inconsis-
tent with certain proposed arrangements
(5,7), but consistent with others (3,24). For
example, representative taxa from the An-
isakidae, defined as the Anisakinae and
Goeziinae sensu Gibson (5) or Anisakinae,
Goeziinae, and Raphidascaridinae sensu
Hartwich (7), are not monophyletic. By
contrast, this tree topology is consistent
with the taxonomy of Sprent (24), who
places ITheringascaris, Hysterothylacium, and
Goezia in one subfamily (Raphidascaridi-
nae) and Anisakis and Pseudoterranova in
another (Anisakinae). However, in con-
trast to the taxonomy of most authorities
(3,5,7,24), the Ascarididae, which includes
the Ascaridinae and Toxocarinae, is not
monophyletic. An interesting feature of
Figure 4 is the clade consisting of the As-
caridinae plus T. caballeroi. Although this
grouping was unexpected based on cur-
rent classifications and the results of pre-
vious analyses based on partial 18S and
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= Porrocaecum depressum
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Goeziinae

Toxocara canis

Ascaris suum
Parascaris equorum
Baylisascaris transfuga

— ;— Toxascaris leonina
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Toxocarinae
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——— Terranova caballeroi
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Fic. 4. Preliminary phylogenetic analysis based on transversion-weighted maximum parsimony analysis of
data from full-length 18S rRNA and partial COX II (mitochondrial) sequences. Branch lengths are scaled to
the number of substitutions inferred by parsimony analysis. Bootstrap percentages of clades are shown for
groups found in more than 60% of the replicates. The asterisk marks the hypothesized loss of the ventriculus
for the ingroup taxa based on the most parsimonious mapping of this character on the molecular tree.
Sequence data (18S and partial COX II sequences with ambiguities) and alignments used for this analysis are
available from the author; full-length 18S and complete sequences of this 629 bp COX II product will be
deposited in GenBank and released with the publication of a more comprehensive analysis.

28S sequences (Fig. 2), recent morpholog-
ical observations (3) suggest that the genus
is not monophyletic and that 7. caballeroi
should not be considered closely related to
the anisakids.

With the understanding that this phylo-
genetic hypothesis (Fig. 4) is preliminary,
one potential use for the inferred tree is to
assess possible patterns of evolution in
morphological characters and life-cycle
features of ascaridoids. Mapping morpho-

logical characters on an independently de-
rived phylogenetic hypothesis can be use-
ful for understanding which “key” taxo-
nomic characters emphasized previously
by systematists are homoplastic, provided
that the inferred tree is reasonably accu-
rate. For example, the presence or ab-
sence of the ventriculus among taxa has a
consistency index of 1.0 on this tree be-
cause it can be explained most parsimoni-
ously by a single loss (Fig. 4) in the com-
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mon ancestor of the Ascaridinae sensu
Gibson (5). By contrast, certain morpho-
logical features appear to be highly ho-
moplastic as reflected by the distribution
of required changes in character states on
the tree. For example, consistency indices
for the presence or absence of two struc-
tures—the intestinal caecum and cervical
alae—are each 0.25. If this sequence-based
hypothesis is an accurate representation of
evolutionary history, then these results
suggest that the similarity in certain com-
plex structural features among ascaridoid
taxa may result from convergent or paral-
lel evolution. Obviously, a hypothesis con-
cerning genealogical relationships that is
focused exclusively on one or more of such
features will be misleading. It should be
noted that these few examples of ho-
moplastic evolution do not establish a pat-
tern for structural characters in ascaridoid
species. A comparative analysis of the ac-
tual homoplastic content of morphological
versus molecular characters is only possi-
ble with respect to the true phylogeny for
ascaridoid nematodes. In the absence of a
known history, the best estimate of phylog-
eny is likely to result from the combined
analysis of all of the available high-quality
data, including selected molecular, mor-
phological, and life history characters.

PERSPECTIVES AND FUTURE DIRECTIONS

Nucleotide sequence data have great po-
tential utility for estimating phylogenetic
relationships for organisms such as nema-
todes, in which morphological conver-
gence and parallelism, or a lack of defined
traditional characters, may hinder studies
of evolutionary history. However, the
youthful optimism once characteristic of
the discipline of molecular systematics has
been replaced by a more balanced perspec-
tive that recognizes the advantages and
limitations of nucleotide sequence data for
inferring organismal relationships. Rather
than being a deterministic process (“phy-
logenetic reconstruction”), phylogenetic
methods involve estimating an unknown
(organismal history) and using tree-

building procedures that require explicit
or implicit assumptions and models that
are inherently probabilistic. Trees inferred
from sequence data should be viewed as
provisional hypotheses that may change
pending the acquisition of more data or as
a result of applying improved models of
inference. Given these limitations, assess-
ing the reliability of a particular phyloge-
netic hypothesis should be regarded as
part of the standard operating procedure
for macroevolutionary studies. Improve-
ments in the efficiency of nucleotide se-
quencing will be important for molecular
systematics because documenting patterns
of congruence among independent phy-
logenies inferred from several unlinked
genes will become an increasingly impor-
tant comparative approach. Finally, some
of the most important advances in molec-
ular systematics will involve determining
the conditions under which current tree
inference procedures may be misleading
for data sets of realistic size, and develop-
ing new analytical approaches to overcome
some of these difficulties.
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