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ASS A TOOL IN EVOLUTIONAR Y BIOLOGY : 

CURRENTT PROBLEMS AND DISCREPANCIES 
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«« Eveiything is what it is because it got that way» 

D'ARCYY WEN TWORTH THOMPSON, 1917 

Abstract.. An ever increasing number of comparative studies try to shed light on various aspects 
off  animal evolution. Particularly studies in comparative ultrastructure and evolutionary developmen-
tall  biology propose remarkable hypotheses about the history of animal life. These studies must logi-
callyy depend on an accurate and comprehensive knowledge of recent developments in phylogenetic 
methodologyy and hypotheses. Unfortunately, this requirement is often not met. 1 discuss some impor-
tantt recent investigations from various fields in order to illustrate the many pitfalls involved, and 
emphasizee the necessity for sound insight into current phylogenelics as an essential prerequisite to 
studiess of animal evolution. 

KeyKey woixts: Metazoa, phylogeny, comparative biology, evolutionary developmental biology, 
Urbilateria,, tree pruning 

INTRODUCTION N 

Thee study of higher-level animal relationships has a long pedigree, going back in its 
mostt familiar form to Haeckel's artistic trees. Enormous numbers of phylogenies have 
beenn published since then, making it very difficult to orient oneself in this expansive and 
quicklyy exploding literature. This has led a significant number of zoologists (especially 
thosee not directly involved in phylogenetic research) to fail to see the forest for the trees. 

AA useful way to organize the literature is to focus on the studies that employ cladistic 
principless for phylogeny reconstruction. A characteristic of many pre-cladistic studies is 
thee absence of a rigorous and well-defined methodology of analysis. Intuitive methods that 
groupedd species on the basis of general similarity or even common ascent (JANVIER, 1996) 
prevailedd in the past, and prevented any firm consensus about the phylogeny of the animal 
phyla.. The advent of cladistics revolutionized the field, and a blossoming of higher-level 
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cladisticc studies on the basis of both morphology and molecular sequence analyses has 
emergedd in the last decade (e.g., for molecular analyses see AGUINALDO et al., 1997; FIELD 

etaUetaU 1988; LAKE, 1990; WINNEPENNINCKX etal, 1995a; for morphological analyses see 
Ax,, 1995; BRUSCA &  BRUSCA, 1990;EERN]SSEe/fl/-, 1992;HASZPRUNAR, 1996; NIELSEN, 

1995;; NIELSEN, SCHARFF &  EIBYE-JACOBSEN, 1996; SCHRAM, 1991). Some interesting 
resultss have arisen from this research. However, a detailed consensus is not yet apparent, 
bothh between and within the fields of molecular and morphological analyses. Upon exam-
inationn of current cladistic analyses of metazoan morphology, we found that the lack of 
consensuss is due to differences in fundamental methodology underlying the various cladis-
ticc analyses (JENNER &  SCHRAM, in press). This study was a comprehensive attempt to 
explicitlyy introduce theoretical issues of cladistic methodology to explain the diversity of 
resultss of higher-level animal phylogenies. In order to construct a morphological reference 
framework,, a more experimental approach toward higher-level animal phylogeny is 
needed.. Increased attention to issues of character and taxon selection, character coding, 
scoring,, weighting, and ground pattern reconstruction is of crucial importance (JENNER & 
SCHRAM,, in press). Unfortunately, current authors frequently seem falsely convinced of the 
robustnesss of their phylogenies. The diversity of recently proposed phylogenetic schemes 
beliess this misplaced confidence. It is time for a more constructive assessment of current 
conflictingg hypotheses. 

Apartt from difficulties associated with the construction of a robust metazoan phy-
logenyy in itself, there are also problems relating to the proper use of phylogenetic infor-
mationn in comparative biology. In this paper, ! want to focus attention on how 
phylogeneticc information should be used when studying animal evolution on the basis of 
comparativee studies. Increasing numbers of researchers are trying to illuminate animal 
evolutionn by in-depth analysis of a small number of species, in particular by employing 
thee model system organisms used in molecular and developmental biology. I suggest that 
conclusionss drawn from the study of only a few model system organisms are likely to be 
meaninglesss when insufficient attention is paid to overall invertebrate phylogeny and 
modernn phylogenetic methods. 

USEE AND MISUSE OF PHYLOGENIES: 
CRITICALL REMARKS ON THE RECONSTRUCTION 

OFF THE « BILATERIAN ANCESTOR» 

Thee need for a solid and well-resolved phylogeny of the Metazoa is now greater than 
ever.. For a detailed understanding of metazoan evolution we need to compare and integrate 
thee evidence from diverse fields, such as morphology, molecules, paleontology, and evolu-
tionaryy developmental biology. Paraphrasing DOBZHANSKY, we could state, «Nothing in 
evolutionaryy biology makes sense, except in the light of phylogeny». A phylogenetic 
frameworkk is necessary for studying the evolution of any organismal feature (e.g.* a phe-
notypicc trait, behavioral trait, life-history characteristic), and for reconstructing the ances-
trall  features of a taxon or group of taxa. Researchers often rely, however, on 
«plausibility»» or «common sense» approaches to argue for a particular evolutionary 
transformation.. Unfortunately, such ad hoc, intuitive approaches lack any methodological 
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rigorr and often lead to spurious results, as shown by various authors (e.g., MCHUGH & 
ROUSE,, 1998; PACKER, 1997; STURMBAUER et al., 1996; HART et aL, 1997). 

Recentt advances in diverse fields of research (ultrastructure, molecular developmental 
biology,, paleontology) have invited increased interest in the Big Questions about animal evo-
lution.. These include the origin, diversification, and stability of animal body plans, and 
trendss of metazoan evolution such as changes in organismal complexity. A solid phyloge-
neticc framework is the only valid background for such discussions. The choice of a particu-
larr phylogenetic framework is therefore a most crucial step during any study. An uncritical 
choicee can easily render resultant hypotheses of evolutionary scenarios meaningless. 

Onee problem that remains elusive to this day is the nature of the bilaterian ancestor. 
Strikingg similarities in the molecular developmental biology of insects and chordates (eg., 
formationn of the dorso-ventral axis, development of «segments») have particularly stim-
ulatedd a resurgence of interest into the characteristics of their common ancestor (ARENDT 

&&  NUBLER-JUNG, 1995; HOLLAND et al., 1997; HOLLEY & FERGUSON, 1997; MOLLER et 

al.,al., 1996). I will illustrate some recent approaches to the use of phylogenetic information 
inn the reconstruction of the ancestor of the Bilateria. The first two studies I will discuss 
deall  with evolutionary developmental biology. A common problem of these studies is that 
theyy routinely employ pruned phylogenies to depict the relationships of only a few model 
systemm species. These pruned phylogenies can either represent incomplete phylogenies 
duee to paucity of data, or phylogenies from which taxa are deliberately removed. They are 
thenn used to reconstruct ancestral ground patterns and thus function as the foundation for 
evolutionaryy scenarios. I will first illustrate the dangers of this approach. 

Prunedd phylogenies: handle with care! 

ARTHURR (1997) rightly argued for the importance of phylogeny for studying the origin 
andd evolution of animal body plans. Some fundamental flaws in logic, however, underlie 
hiss discussion. Arthur argued that pruning a phylogeny to only those taxa of interest 
reducess the information content of the cladogram, but also reduces the probability of it 
beingg wrong. I agree with the first conclusion, but I strongly disagree with the second. 

Whyy is pruning a problem? Let us examine a hypothetical phylogeny, and its pruned 
versionn (Fig. 1). Fig. la depicts the «real» evolutionary relationships of the taxa W, X, Y, 
andd Z as inferred by a comprehensive phylogenetic analysis. « A » represents the last com-
monn ancestor of taxa W, X, Y, and Z. Characters 1 to 4 represent morphological synapo-
morphiess at different levels in the tree. Character 5 evolved independently in taxa Y and 
Z,, but appears very similar. Fig. lb depicts a pruned version of this tree. 

Thee first problem arises with the reconstruction of the ground pattern of the ancestor 
A.. The pruning of the original tree removed the basal branches of the larger clade that 
includess Y and Z. Such basal taxa are essential, however, for a proper reconstruction of the 
groundd pattern of ancestor A (YEATES, 1995). The anatomical variation present in the 
strippedd taxa is not represented in the pruned tree, and will therefore not contribute to the 
reconstructionn of ancestor A. The improper reconstruction of a segmented common ances-
torr of protostomes and deuterostomes by HOLLAND et al. (1997) and DE ROBERTIS (1997) 
cann be directly attributed to such a methodological oversight. 
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Fig.. 1. - Hypothetical phylogeny of 
taxaa W, X, Y, and Z (a) and a pruned 
versionn according to maximum parsi-
monyy (b) in which only taxa that are of 
speciall  interest are retained. Numbers 
1-55 refer  to morphological characters, 
andd A represents the last common 
ancestorr  of taxa W, X, Y, and Z. See 
textt  for  discussion. 

W W 
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Secondly,, the pruned tree misrepresents the topology of the original tree. The apparent 
symmetryy of the pruned tree masks the asymmetry of the original ciadogram. The exclu-
sionn of essential anatomical variation, and the misrepresentation of topology in the pruned 
treee do not allow the reconstruction of either  the nature or  the sequence of evolutionary 
changess on the tree. Moreover, ambiguity is introduced about the interpretation of the 
characters.. Character  1 is a true synapomorphy of taxa W and X in both the original and 
prunedd trees, but characters 2, 3,4, and 5 introduce problems. Characters 2 and 3 are not 
synapomorphiess of Y and Z as is implied by the pruned tree. Character  2 however, actu-
allyy is a symplesiomorphy at the level of the last common ancestor  of Y and Z, while char-
acterr  3 does arise as an evolutionary novelty in this ancestor. The pruned topology also 
doess not allow one to determine that character  2 evolved earlier  than character  3. 
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Moreover,, the pruned tree falsely suggests that character 5 was acquired by taxon Z ear-
lierr than character 4, where in fact the reverse is true. The pruned tree would also suggest 
thatt character 4 is an autapomorphy of Z, but in reality it arose in the last common ances-
torr of Z and its sister taxon. The pruned tree does not permit this resolution. Finally, cha-
racterr 5 evolved independently in taxa Y and Z. The pruned tree, however, would suggest 
itt was a synapomorphy of these taxa. 

Summarizing,, it should be clear that in this case the pruned tree does not allow a 
properr reconstruction of ancestors. It does not allow one to distinguish between homo-
plasies,, autapomorphies, synapomorphies or symplesiomorphies. The incorrect represen-
tationn of phylogenetic information does not allow one to retrieve the true nature and 
sequencee of evolutionary changes. All these problems contribute to the speculative nature 
off  ground pattern reconstructions and evolutionary transformations in a significant num-
berr of studies in various fields of comparative research, notably evolutionary develop-
mentall  biology (e.g., DE ROBERTJS, 1997; GERHART &  KIRSCHNER, 1997; HOLLAND et al.t 
1997).. A number of these important problems can also be recognized in phylogenetic 
analysess that deal with only a subset of the animal phyla (JENNER &  SCHRAM, in press). 

Thee roundish flatworm hypothesis 

Inn their recent book on evolutionary developmental biology, GERHART &  KIRSCHNER 

(1997)) provided a hypothesis for the evolutionary origin of metazoan body plans. They 
focusedd on the diversification of the Nematoda, Arthropoda, Chordata, Mollusca, and 
Annelidaa from a common ancestor named the immdish flatworm. The roundish flatworm 
wass first proposed as an appropriate ancestor for the protostomes and deuterostomes by 
VALENTINEE (1994) on the basis of trace fossils, although his reconstruction differs from 
thatt of GERHART &  KIRSCHNER. GERHART &  KIRSCHNER reconstructed the body plan of the 
roundishh flatworm and then proposed an evolutionary scenario deriving the body plans of 
thee five modern phyla from this ancestor. There are, however, some fundamental flaws in 
theirr methodology that seriously undermine their hypothesis. 

Thee first problem is the body plan reconstruction of the roundish flatworm. GERHART 

&&  KIRSCHNER (1997) derived this body plan by intuitively assembling some anatomical 
characterss present in modern invertebrates, however no phylogenetic context was pro-
vided.. Among the morphological features thought to be part of the roundish flatworm 
bodyy plan were spiral cleavage, 4d-mesentoblast, blastopore becoming the mouth, pseudo-
coelom,, and a complete gut. This assemblage of features is hardly more than speculation. 
AA more rigorous method for reconstructing ancestral characters would have been to 
employy phylogenetic systematics with a maximum parsimony algorithm or maximum 
likelihoodd methods (CUNNINGHAM et ai.% 1998; SWOFFORD &  MADDISON, 1987). It then 
becomess clear that the phylogenetic distribution of anatomical features in Fig. 2 (fig. 7-28 
inn GERHART &  KIRSCHNER) in fact does not support this body plan reconstruction! For 
example,, spiral cleavage and a 4d-mesentoblast have only been convincingly demon-
stratedd in molluscs and annelids. They are absent in chordates and nematodes and very 
debatablee in arthropods. Blastopore fate has been overemphasized in traditional phyloge-
neticc analyses, and the variation in blastopore fate in annelids, nematodes, arthropods, and 
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chordatess should be carefully assessed. Furthermore, possession of a pseudocoelom in the 
roundishh flatworm, based as it is on nematode morphology, is highly questionable consid-
eringg the range of anatomical variation present in nematodes, and the inappropriateness of 
aa pseudocoelom as a well-defined anatomical feature (e.g., see RUPPERT, 1991). A com-
pletee gut is the only character likely to be present in the roundish flatworm ancestor. Note 
that,, even if they were used at all, the out-groups are singularly unhelpful for establishing 
thee body plan of the roundish flatworm. 

Fig.. 2. - Phylogenetic relationships of Nematoda, Arthropoda, 
Mollusca,, Annelida, and Chordata as depicted in GKRIIART & 
KIRSCIINERR (1997) (sec their figs 7-28). RFW represents the roundish 
flatwormm proposed by GIIRIIART &  KIRSCHNKR (1997) as the last com-
monn ancestor of these five phyla. 

Thee second problem is the supposed phylogeny on which GERHART &  KIRSCHNKR (1997) 
basedd their scenario. They quote a number of phylogenetic studies primarily based on 
molecularr data, to provide a branching sequence for the nematodes, arthropods, chordates, 
annelids,, and molluscs. Although the data allowed for a number of different branching 
sequences,, they exhibited one consistent feature: the chordates are derived from within the 
protostomes,, making the protostomes paraphyletic. This particular hypothesis, however, is 
likelyy to be the result of undersampling of the chordates, and works published both before 
(TELFORDD & HOLLAND, 1993; TURBEVILLE et a/., 1992; WINNEPENNINCKX et aU 1996) and 

afterr (AGUINALDO et al.„  1997; GIRIBET &  RIBERA, 1998) the publication of GERHART & 
KIRSCHNER'SS book indicate a monophyletic Protostomia and Deuterostomia (excluding the 
lophophoratee phyla). Another consistent feature of GERHART &  KIRSCHNER'S phylogeny is 
thee position of the nematodes, basal to the molluscs, annelids, arthropods, and chordates. 
Thiss is likely to be an artifact that results from the fast rates of molecular evolution of the 
sampledd nematodes. Substitution rates are known to be 2-3 times greater for some nema-
todess (such as the widely studied Caenorhabditis elegans) than for most other Metazoa 
(AGUINALDOO et al.% 1997). This may result in long-branch attraction and forcing the nema-
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todess to a basal position in the metazoan tree {e.g., WINNEPENNINCKX et al., 1995b). It 
wouldd seem that these critical problems of GERHART &  KIRSCHNER'S phylogeny are suffi-
cientt to raise serious doubts about the value of their evolutionary scenario. 

AA third problem concerns the re-introduction of morphology into the molecular phy-
logenyy to provide an evolutionary scenario of body plan changes. The principal difficulty 
arisess with the introduction of morphology when the phylogeny is pruned down to only 
thosee few phyla under consideration. As discussed above, the use of such pruned trees to 
visualizee relationships is methodologically flawed, and is likely to lead to untrustworthy 
results.. For example, GERHART &  KIRSCHNER hypothesize teloblastic segmentation to 
havee arisen somewhere before the split of the chordates from the protostomes. The seg-
mentedd mesoderm in chordates, and the segments of arthropods and annelids, may thus 
havee been derived from a common ancestor as suggested by GERHART &  KIRSCHNER. 

However,, when one considers the diversity present in other phyla not included in their 
phylogeny,, the picture changes drastically {e.g., AGUINALDO et al., 1997; NIELSEN et al., 
1996).. These more comprehensive morphological and molecular phylogenetic studies 
indicatee that the most parsimonious solution is the independent evolution of segmenta-
tionn in chordates and protostomes. If segmentation is derived from a common ancestor, 
itt must have been lost several times independently in a large number of phyla. I believe 
thatt if GERHART &  KIRSCHNER would have paid more attention to the comparative 
anatomyy of the phyla within a rigorous phylogenetic context, the improbability of deri-
vingg the chordates from deep within the protostome clade would have been apparent 
{e.g.,{e.g., SCHAEFFER, 1987; NIELSEN, 1995). 

Wee can thus identify some very serious shortcomings of GERHART &  KIRSCHNER's 

roundishh flatworm hypothesis. Explicit incorporation of animal phylogeny, rigorous use of 
phylogeneticc systematics, and increased attention to comparative anatomy is needed for a 
moree robust hypothesis to emerge that transcends the anecdotal realm (LEROI, 1998). 
Althoughh G & K admit that theirs is «but a hypothesis», it is not supported by available 
data. . 

Reconstructingg Urbilateria: insects, chordates, and segmentation 

Recently,, there have been tantalizing claims in the literature for the existence of a 
commonn segmented ancestor for the protostomes and deuterostomes (HOLLAND et al., 
1997;; KIMMEL , 1996). This hypothesis is based on exciting new discoveries of the mole-
cularr developmental biology underlying segment formation in insects and chordates. 
Unfortunately,, the authors paid insufficient attention to the comparative context of their 
work,, which resulted in their advancing a hypothesis prematurely. The early introduc-
tionn of an explicit phylogenetic framework is a necessary but missing step in these 
analyses.. A comprehensive and detailed discussion of the nature, developmental control, 
andd evolution of segmentation in the Metazoa is not my purpose here. In 1996, a 
Europeann symposium was largely devoted to this subject (MINELLI , 1998). Instead, my 
goall  is to point out how a phylogenetic framework is a necessary and powerful tool for 
understandingg the true evolutionary meaning of these findings from molecular develop-
mentall  biology. 
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blemm of explaining the supposed loss of segmentation in various protostome phyla (possi-
blyy including various acoelomate and pseudocoelomate groups). With the possible excep-
tionn of the molluscs, there is precious little evidence for this scenario of multiple losses of 
bodyy segmentation. Explicit attention to a total invertebrate phytogeny might suggest a 
differentt interpretation of the data, one connected to the hierarchical nature of homology 
(e.g.,(e.g., ABOUHEIF, 1997; BOLKER &  RAFF, 1996). 

Itt can be dangerous to use shared patterns of regulatory gene expression to determine 
morphologicall  homology. There is mounting evidence that the genotype-phenotype map 
mayy be very fluid. This means that developmental regulatory genes can function in very 
differentt contexts within a single organism and between different organisms (e.g., LOWE 

&&  WRAY, 1997; PANGANIBAN et ai, 1997; RAFF, 1996; Wu &  ANDERSON, 1997). These 
geness are not rigidly restricted to the development of a certain morphological character. 
Therefore,, the determination of morphological homologies as indicated by regulatory gene 
expressionn patterns may in fact not be straightforward (e.g., ABOUHEIF, 1997; DICKINSON, 

1995;; MULLER &  WAGNER, 1996). This is clearly indicated by current debates on the sup-
posedd homology of insect and vertebrate eyes as revealed by expression of insect eyeless 
andd vertebrate Pax-6 genes, and the evolution of animal appendages as revealed by 
expressionn of Distal-less in body wall outgrowths of various animal phyla (PANGANIBAN 

etet al., 1997). In such cases, the use of phylogenetic information will prove to bee especially 
valuable. . 

Thee actual distribution of segmentation among all the phyla, and the lack of detailed 
anatomicall  correspondence between insect and chordate segmentation do not support real 
homology.. The information does indicate, however, that the last common ancestor of 
insectss and chordates possessed homologs of the pair-rule gene hairy and the segment-
polarityy gene engrailed. This indicates the possibility of a deeper homology. For example, 
wee might suspect that engrailed may have originally functioned in regional patterning in 
general,, and later became independently co-opted into the formation of insect and chor-
datee metameres. However, HOLLAND &  HOLLAND (1998) do not explore this alternative 
perspective.. They simply state (p.656) that «it is important to stress that we are compa-
ringg body parts and not deeper homologies». However, consideration of a real phylogeny 
wouldd immediately suggest the value of this different, and useful hypothesis. Various 
authorss have pointed out the value of explicitly incorporating phylogenetic information 
intoo the study of the evolution of developmental processes in more or less closely related 
speciess (e.g., ABOUHEIF, 1997; MEYER, 1996; RAFF &  POPODI, 1996). Furthermore, a phy-
logeneticc framework is also absolutely necessary when one wants to compare distantly 
relatedd organisms, such as the widely used model systems of molecular and developmen-
tall  biology. 

Evolvingg bilateral symmetry: insights from the scleractinians? 

EZAKII  (1998) argued that scleractinian corals may have evolved as early as the 
Paleozoicc and could thus constitute an early anthozoan radiation. EZAKI argued that under-
standingg the evolution of the scleractinian body plan may help to understand the evolu-
tionaryy origin of the Bilateria, and in particular the evolution of a bilaterally symmetrical 
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bodyy plan. EZAKI'S argument is as follows. Anthozoa (including scleractinians) share a 
bilaterallyy symmetrica! body plan that is traditionally considered as derived from other 
radiallyy symmetrical cnidarians. Traditionally, the Bilateria are thought to have been 
derivedd from the Radiata, and the bilaterally symmetrical Anthozoa are the most likely 
candidates.. The early origin of the scleractinian body plan may thus help to elucidate the 
anthozoann radiation within the Bilateria and so shed light on the early evolution of body 
planss within the Bilateria. He presented a phylogeny of the Cnidaria (Fig. 3a; Fig. 5 in 
EZAKI,, 1998) to support his arguments. Unfortunately, insufficient attention to the phylo-
geneticc basis of his arguments resulted in a conclusion that is virtually devoid of evolu-
tionaryy significance. 

Fig.. 3. - DilTerenl phylogenetie relation-
shipss of cnidarian classes as depicted in 
Ezakii  (1998) (a) and according to mod-
ernn consensus (b), primarily on the basis 
off  BRIDGE*»/»/. (1995). 

EZAKII  presented a «traditional» phylogeny of the Cnidaria in which the Hydrozoa is 
aa sister group to the other cnidarians. Anthozoa is the sister group to the Scyphozoa + 
Cubozoa.. This phylogeny is hardly a reflection of our current understanding of cnidarian 
phylogeny.. In fact, EZAKI did not mention any source for this phylogeny, nor did he spe-
cifyy what kinds of data it is based on (molecular or morphological), nor what the support-
ivee characters for this phylogeny are. The close relationship between Scyphozoa and 
Anthozoaa has traditionally been based upon the shared possession of a cellular mesoglea, 
gastrodermall  gonads, and gastrodermal nematocytes (e.g., BARNES &  HARRISON, 1991; 
MEGLITSCHH &  SCHRAM, 1991; RUPPERT &  BARNES, 1994). It was not until recently, how-
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ever,, that this hypothesis was tested by a comprehensive character congruence study. 
BRIDGEE et al. (1995) showed that these characters do not effectively support a close rela-
tionshipp between Anthozoa and Scyphozoa (and Cubozoa) (Fig. 3b). This clearly shows 
thee danger of proposing sister group relationships on the basis of single characters outside 
thee context of all pertinent information. The current consensus on cnidarian relationships 
(basedd on morphology and 18S rDNA data) now indicates a basal position of the Anthozoa 
andd the existence of a clade of cnidarians with medusae (Scyphozoa, Cubozoa, Hydrozoa) 
(Ax,, 1995; BRIDGE et al, 1995; NIELSEN, 1995; SCHUCHERT, 1993). Furthermore, there is 
noo firm evidence for a phylogenetic link between Anthozoa and Bilateria. In this scheme, 
itt is likely that the supposedly bilateral symmetry of anthozoans and Bilateria is conver-
gent,, and the evolution of the scleractinian body plan within the Anthozoa is unrelated to 
thee origin of the Bilateria. Consequently, the anthozoan condition may be more accurately 
describedd as biradial. EZAKJ'S study clearly indicates the danger of relying on outdated, 
andd weakly supported textbook trees. 

Evolutionn of muscle and body cavities: reconstructing the bilaterian ground pattern 

Basedd on ultrastructural studies of muscle systems and body cavities in various inver-
tebratee groups, RIEGER and BARTOLOMAEUS advanced opposing hypotheses of the nature 
off  the bilaterian ancestor (BARTOLOMAEUS, 1994; RIEGER, 1986; 1988; RIEGER & 
LOMBARDI,, 1987). RIEGER suggested a myoepithelial organization of the coelomic lining 
ass the ground pattern of the Bilateria. The acoelomates and pseudocoelomates would have 
beenn derived from this bilaterian stem species by repeated events of progenesis. In con-
trast,, BARTOLOMAEUS (1994) argued for a compact bilaterian ancestor without internal 
bodyy cavities. The pseudocoelomate and coelomate organizations would have been 
derivedd from this ancestor. The detailed arguments these authors use are not important 
here.. What is important is that both authors make only minimal use of both phylogenetic 
methodss as well as currently available information about invertebrate phylogeny. 

RIEGERR only inserts various intuitive phylogenetic arguments into his work. His con-
clusionss are based chiefly upon extrapolation from echinoderms and annelids to the whole 
off  the coelomate Bilateria. This implies that the coelomate Bilateria (protostomes and 
deuterostomes)) are monophyletic. In this regard, however, it is crucial to understand the 
phylogeneticc position of the pseudocoelomate and acoelomate phyla. While recent phylo-
geneticc analyses of the animal phyla do not agree in detail, both molecular (AGUINALDO et 
al.,al., 1997; WINNEPENNINCKX, 1995a, b), and morphological analyses (EERNISSE et al., 
1992;; NIELSEN et al., 1996) suggest that the pseudocoelomates and acoelomates may be 
distributedd among coelomate bilaterians. Irrespective of whether or not they form coher-
entt clades, this possibility indicates that a coelomate bilaterian common ancestor of all 
coelomatee phyla might not even have existed. Even if the coelomate bilaterians form a 
coherentt clade with the acoelomates and pseudocoelomates outside it, RIEGER'S extrapo-
lationss at the very best are only able to reconstruct the ground pattern of the coelomate 
Bilateria.. Bilateria and coelomate Bilateria are, however, used interchangeably in RIEGER 

&&  LOMBARD! (1987). Only explicit consideration of phylogenetic relationships of all the 
invertebratee phyla will resolve this ambiguity. 

67 7 



BARTOLOMAEUS'' (1994) scenario suffers from similar problems. He reconstructed the 
bilateriann ground pattern by reference to Ctenophora and acoelomate Bilateria (e.g., 
Platyhelminthes,, Nemertinea, Entoprocta, Gastrotricha). This only makes sense, however, 
iff  these phyla are in fact primitive branches within the Bilateria. The basal branches of a 
cladee are the ones most likely to provide relevant information concerning the ground pat-
ternn of the clade (YEATES, 1995). Here again, a comprehensive phylogenetic framework is 
neededd for an accurate re-evaluation of this hypothesis. 

Althoughh RIEGER'S and BARTOLOMAEUS' hypotheses about the bilaterian stem-forms 
aree presented as alternative reconstructions, a more rigorous use of phylogenetic methods 
wouldd have alerted them to the pointlessness of the debate. In fact, RIEGER and 
BARTOLOMAEUSS reconstructed different ancestors. Fig. 4 illustrates this. By extrapolating 
fromm studies on echinoderms and annelids to the whole coelomate Bilateria, RIEGER recon-
structedd an ancestral ground pattern at the in-group node (node I) of the phylogeny. In con-
trast,, by focusing on the presumptive sister group of the Bilateria (Ctenophora), 
Bartolomaeuss reconstructed the ground pattern of the out-group node (nodee O) of the phy-
logeny.. This means that in principle both hypotheses could be vindicated by the data, 
becausee character transformations may occur on the intemode connecting the in-group and 
out-groupp nodes. The relative merits of the contrasting hypotheses proposed by RIEGER 

andd by BARTOLOMAEUS need to be re-assessed, but that can only be done with reference to 
cladistically-framedd hypotheses about the phylogenetic relationships of all the invertebrate 
phyla,, and by employing parsimony algorithms for ground pattern reconstructions. 

Fig.. 4. - Locations of the in-group node (I-node) and out-group 
nodee (O-node) with regard to the different hypotheses for the 
bilateriann ancestor proposed by BARTOLOMAEUS (1994) and 
Rii-xii-RR &  LOMBARDI (1987). See text for discussion. 

CONCLUSIONN AND RECOMMENDATION 

Thiss is a time in which many new research programs are established in a variety of bio-
logicall  disciplines. These developments are associated with the transformation of com-

68 8 



parativee biology by phylogenetic systematics. Although the comparative method has 
existedd at least since CUVIER, and with a particular focus on phylogenetic relationships 
sincee HAECKEL, the elaboration of explicit phylogenetic methods greatly facilitated the 
rigorouss use of phylogenetic information in comparative studies. The modern meaning of 
aa comparative, historical, or evolutionary perspective therefore refers to the phylogenetic 
relationshipss of organisms. This phylogenetic perspective was a major force for the estab-
lishmentt of, for example, historical ecology and ethology, various parts of evolutionary 
paleobiology,, and evolutionary developmental biology (e.g., ARTHUR, 1997; BROOKS & 
MCLENNAN,, 1991; HARVEY &  PAGEL, 1991; JABLONSKI etal., 1996). 

Evolutionaryy biology principally derives its strength and merit from extrapolation 
fromm case studies to more comprehensive contexts (GRANDCOLAS et o/., 1997). 
Phylogeneticc methods and information provide a robust and testable means for such 
extrapolation.. It should be clear, however, that posing a question in an evolutionary 
contextt is not the same as incorporating evolutionary information into the answer. 
Thiss pinpoints the problem with a variety of modern comparative studies, especially 
inn the field of evolutionary developmental biology. Frequently, the central importance 
off  primary homology assessments is over-emphasized, while the assimilation of phy-
logeneticc information is ignored (e.g., GILBERT et aLy 1996; HOLLAND &  HOLLAND, 

1998;; HOLLAND et al., 1996). In addition, studies of this kind often put dispropor-
tionatee emphasis on only one or very few characters. Such a monothetic approach fun-
damentallyy violates the principles of phylogenetic systematics, which I believe is the 
onlyy rigorous method currently available for reconstructing phylogeny. Taking up 
onlyy one or a few characters is often misleading and very unlikely to increase our 
understandingg of evolution. In other cases, phylogenetic data are only used in an intu-
itivee fashion, with littl e attention to selection of a particular phylogeny (e.g., EZAKI, 

1998)) or proper methods of phylogenetic inference {e.g., BARTOLOMAEUS, 1994; 
GERHARTT &  KIRSCIINER, 1997; RIEGER &  LOMBARDI, 1987). We are on the right track, 
however.. A more intense dialogue between phylogeneticists and other biologists is 
necessaryy for a proper understanding of macroevolutionary change, and for the devel-
opmentt of a more robust and unified evolutionary theory (GILBERT et al.% 1996; 
GRANDCOLASS et al., 1997; LARSEN et al., 1997). 

Thee literature on all aspects of animal evolution is expanding at an ever increasing 
rate.. Indeed, a high rate of research may lead to rapid turnover of phylogenies. Continual 
re-evaluationn and additions to the character sets, however, should result in increasingly 
robustt phylogenetic hypotheses. Nevertheless, the dynamics of the field cannot be used as 
ann argument for ignoring phylogenetic information in comparative studies. Clearly, there 
aree phylogenies (both molecular and morphological) available, and despite differences in 
theirr topology there is much to be gained from incorporating them into comparative stu-
dies. . 

Iff  we do not want to be swamped by the growing forest of trees and evolutionary sce-
narioss we need to be conscious of our methods of analysis (JENNER &  SCHRAM, in press). 
Ourr own future efforts will concern a comprehensive cladistic analysis of comparative 
anatomy,, embryology, and developmental genetics to shed light on the higher-level phy-
logenyy of invertebrates. 
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