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Abstract. An ever increasing number of comparative studies try to shed light on various aspects 

of animal evolution. Particularly studies in comparative ultrasfructure and evolutionary developmen

tal biology propose remarkable hypotheses about the history of animal li fe . These studies rnust log i

cally depend on an accurate and comprehensive knowledge of recent developments in phylogenetic 

methodology and hypotheses. Unfortunately, this requirement is often not met. 1 di scuss some impor
tant recent investigations from various fi e lds in order to illustrate the many pitfalls invol ved, and 
emphasize the necessity for sound insight into current phylogenetics as an essential pre requi s ite to 
studies o f animal evolution. 
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INTRODUCTION 

The study of higher-level animal relationships has a long pedigree, going back in its 
most familiar form to Haeckel 's artistic trees . Enormous numbers of phylogenies have 
been published sin ce th en, mak.ing it very diffi cult to orient oneself in th is expans ive and 
quick.ly exploding literature. This has led a significant number of zoologiSts ( especia lly 
tho se not direct! y involved in pbylogenetic research) to fai 1 to see the forest for tne trees . 

A useful way to organize the literature is to foc us on the stud ies that employ cladistic 
principles for phyl.ogeny reconstruction. A cbaracteristic of many pre-c lad istic studies is 
the absence of a rigorous and we ll-defined methodology of analys is. Intuit ive methods tb at 
grouped spec ies on the basis of general similarity or even comJ11on ascent (JANVIER, 1996) 
preva il ed in the past, and prevented any firm consensus about the phylogeny · the animal 
phyla. T he ad vent of clad ist ics revo lution ized the fi e ld, and a blossoming of higher-level 
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cladistic studies on the basis of both morphology and molecular sequence analyses has 
emerged in the last decade (e.g., for molecular analyses see AGUfNALDO et al., 1997 ; FIELD 
et al., 1988; LAKE, 1990 ; WlNNEPENNfNCKX et al., 1995a ; for morphological analyses see 
Ax, 1995; BRUSCA & BRUSCA, 1990; EERNISSE et al., 1992; HASZPRUNAR, 1996; NIELSEN, 
1995; NIELSEN, SCHARFF & EIBYE-JACOBSEN, 1996; SCHRAM, 1991 ). Sorne interesting 
results have arisen from this research . However, a detailed consensus is not yet apparent, 
both between and within the fields of molecular and morphological analyses. Upon exam
ination of current cladistic analyses of metazoan morphology, we found that the Jack of 
consensus is due to differences in fundamental methodology underlying the various cladis
tic analyses (JENNER & ScHRAM, in press). This study was a comprehensive attempt to 
explicitly introduce theoretical issues of cladistic methodology to explain the diversity of 
results ofhigher-level animal phylogenies. In order to construct a morphological reference 
framework, a more experimental approach toward higher-level animal phylogeny is 
needed. Jncreased attention to issues of character and taxon selection, character coding, 
scoring, weighting, and grou nd pattern reconstruction is of crucial importance (JENNER & 
SCHRAM, in press). Unfortunately, current authors frequently seem falsely convinced of the 
robustness of their phylogenies. The diversity of recently ploposed phylogenetic schemes 
be lies this misplaced confidence. Tt is ti me for a more constructive assessment of current 
conflicting hypotheses . 

Apart from difficulties associated with the construction of a robust metazoan phy
logeny in itself, there are also problems relating to the proper use of phylogeneti c infor
mation in comparative biology. In this paper, l want to focus attention on how 
phylogenetic information should be used when studying animal evolution on the basis of 
comparative studies. Increasing numbers of researchers are trying to illuminate animal 
evolution by in-depth analysis of a small number of species, in particular by employing 
the model system organisms used in molecular and developmental biology. I suggest that 
conclusions drawn from the study of only a few model system organisms are likely to be 
meaningless when insufficient attention is paid to overall inverteb rate phylogeny and 
modern phylogenetic methods. 

US E AND MTSUSE OF PHYLOGENlES : 
CRlTICAL REMARKS ON THE RECONSTRUCTLON 

OF THE «BILATERJAN ANCESTOR » 

The need for a so l id and well-reso lved phylogeny of the Metazoa is now greater tban 
ever. For.a detailed understanding ofmetazoan evo lution we need to compare and integrate 
the ev idence from diverse fi elds, such as morphology, molecules, paleonto logy, and evolu
tionary developmental biology. Paraph1·asing DOBZHANSKY, we cou ld tate, « Nothing in 
evo lutionary biol ogy makes sense, except in the li ght of phylogeny ». A phylogenetic 
framework is necessary for studying the evolution of any organisma.l feature ( .g. , a phe
notypi c trait, behav ioral tra it, life-history characteri stic), and for reconstructing the ances
tral features of a taxo n or gro up of taxa . Researchers often re ly, however, on 
« plausibili ty » or « comrnon sense» approaches to argue for a part icul ar evolu tionary 
transformation . Unfortu nate ly, such ad hoc, intui tive approaches Jack any methodologi al 
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rigor and often lead to spurious results, as shawn by various authors (e.g. , McHUGH & 
ROUSE, 1998 ; PACKER, 1997; STURMBAUER et al., 1996 ; HART et al. , 1997). 

Recent ad van ces in diverse fields of research ( ultrastructure, molecular developmental 
biol ogy, 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 
trends of metazoan evolution such as changes in organismal complexity. A sol id phyloge
netic framework is the only val id background for such discussions. The choice of a particu
lar phylogenetic framework is therefore a most crucial step during any study. An uncritica1 
choice can easily render resultant hypotheses of evolutionary scenarios meaningless. 

One problem that remains elusive to this day is the nature of the bilaterian ancestor. 
Striking similarities in the molecular developmental biology ofinsects and chordates (e.g., 
formation of the dorsa-ventral axis, development of« segments») have particularly stim
ulated a resurgence of interest into the characteristics of their common ancestor (A RENDT 
& NüBLER-JUNG, 1995; HOLLAND et al. , 1997 ; HOLLEY & FERGUSON, 1997 ; M ü LLER et 
al. , 1996). I will illustrate sorne recent approaches to the use of phylogenetic information 
in the reconstruction of the ancestor of the Bilateria. The first two studies l will discuss 
deal with evolutionary developmental biology. A common problem of these studies is that 
they routine! y employ pruned phylogenies to depict the relationships of only a few mode! 
system species. These pruned phylogenies can either represent incomplete phylogenies 
due to paucity of data, or phylogenies from which taxa are deliberately removed. They are 
then used to reconstruct ancestral ground patterns and thus function as the foundation for 
evolutionary scenarios. I will first illustrate the dangers of this approach. 

Pruned pbylogenies : band le witb care! 

ARTHUR ( 1997) rightly argued for the importance of phylogeny for studying the origin 
and evolution of animal body plans. Sorne fundamenta l fl aws in logic, bowever, underlie 
his discussion . Arthur argued that pruning a phylogeny to only those taxa of interest 
reduces the information content of the cladogram, but also reduces the probabili ty of it 
being wrong. I agree w ith the fi rst conclusion , but 1 strongly di sagree w ith the second. 

Why is pruning a problem? Let us examine a hypotbeti cal phylogeny, and its pruned 
version (Fig. 1 ). Fig. 1 a depicts the « real » evolutionary relationships of the taxa W, X, Y, 
and Z as inferred by a comprehensive phylogenetic analysis. «A» represents the last cam
mon ancestor of taxa W, X, Y, and Z . Characters 1 to 4 represent morpholog ica l synapo
morphies at di ffe rent levels in the tree . Character 5 evo lved independently in taxa Y and 
Z, but appears very s i mil ar. F ig. 1 b dep icts a pruned version of thi s tree. 

The firs t problem ari ses witb the reconstruction of the grou nd pattern of the ancesjor 
A. T he pruning of the ori g ina l tree removed the basa l branches of the larger clàd e that 
includes Y and Z . Such basal taxa are essenti a l, however, for aproper reconstruction of the 
g:ro und pattern of ancestor A (Y EATES, 1995) . The anato mica l variation present in the 
stripped taxa is not represented in the p ru ned tree, and will therefore not contribute to the 
reconstruction of ancestor A. The improper reconstru ction of a segmented common ances
tor of protostomes and deuterostomes by HOLLAND et al. ( 1997) and DE ROBERTLS (1997) 
can be d irectly attr ibuted to sucl .a.methodologica l oversight. 
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Fig. l. - Hypothetical phylogeny of 
taxa W, X, Y, and Z (a) and a pruned 
version according to max imum parsi
mony (b) iJJ which oJJ ly taxa that are of 
special interest are retained. Numbers 
1-5 refer to morpbological characters, 
a nd A represents th e last common 
ancestor of taxa W, X, Y, and Z . See 
text for di scussion. 
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Secondl y, the pruned tree misrepreseJJts the topology of the original tree. The apparent 
symmetry of the pruned tree masks the asymmetry of the orig ina l cladogram. The exc lu
s ion of essen ti a l anatomical variat ion, and the misrepresentat ion of topo logy .in the pruned 
tree do not a llow the reconstruction of either the nature or the sequence of evolutionary 
changes on the tree. Moreover, ambigui ty is iotroduced about the interpretation of the 
characters. Character J is a true synapomorphy of taxa W and X in both the original and 
pru ned trees, but characters 2, 3, 4, and 5 introduce problems. Chara ter 2 and 3 are not 
synapomorphies of Y and Z as is implied by the pruned tree. Character 2 however, actu
a ll y is a symples iornorphy at the leve! of the last comrn on an estor of Y and Z, while char
acter 3 does ari e as an evolutionary nove lty in th is ancestor. The pruned top logy al o 
cloes not a ll ow one to determine that character 2 evolved eaJiier than character 3. 
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Moreover, the pruned tree falsely suggests that character 5 was acquired by taxon Z ear
lier than character 4, where in fact the reverse is true. The pruned tree would also suggest 

that character 4 is an autapomorphy of Z, but in reality it arose in the last common ances

tor of Z and its sister taxon. The pruned tree does not permit this resolution. Finally, cha
racter 5 evolved independently in taxa Y and Z. The pruned tree, however, would suggest 
it was a synapomorphy of these taxa. 

Summarizing, it should be clear that in this case the pruned tree does not allow a 
proper reconstruction of ancestors. Jt does not allow one to distinguish between homo
plasies, autapomorphies, synapomorphies or symplesiomorphies. The incorrect represen
tation of phylogenetic information does not allow one to retrieve the true nature and 

sequence of evolutionary changes. Ali these problems contribute to the speculative nature 
of ground pattern reconstructions and evolutionary transformations in a sign ificant oum

ber of studies in various fields of comparative research, notably evolutionary develop
mental biology (e.g. , DE ROBERTIS, 1997 ; GERHART & KIRSCHNER, 1997 ; ROLLAND et al., 
1997). A number of these important problems can also be recognized in phylogenetic 
analyses th at deal with only a subset of the animal ph y la (JENNER & SCHRAM, in press). 

The roundish tlatworm hypothesis 

In their recent book on evolutionary developmental biology, G ERH ART & KIRSCHNER 

( 1997) provided a hypothesis for the evolutionary origin of metazoan body plans. They 

focused on the diversification of the Nematoda, Arthropoda, Chordata, Mollusca, and 
Annel ida from a common ancestor named the roundishflatworm. The roundish flatwonn 
was first proposed as an appropriate ancestor for the protostomes and deuterostomes by 
VAL ENTINE (1994) on the basis of trace fossils , although his reconstruction differs fro m 
that ofG ERHA RT & KJRSCHNER. GERHART & KIRSCI-fNER reconstructed the body plan of the 
roundish flatworm and then proposee! an evolutionary scenario deriving the body plans of 
the five modern phyla from this ancestor. There are, however, some fundamenta l flaws in 
their methodology that seriously undermine their hypothesis. 

The tirst problem is the body plan reconstruction of the roundish flatworm. G ERHART 
& KIRSCHNER (1997) derivee! this body plan by intuitively assembling some anatomical 
characters present in modern invertebrates, however no phylogenetic context was pro
vided . Among the morpholog ical features thougbt to be pari of the roundi sh flatworm 

body plan were spiral cleavage, 4d-mesentoblast, blastopore becoming the mouth, pseudo

coelom, and a complete gut. This assemblage offeatures is hard ly more than specu lation . 

A more ri gorous metbod for reconstructing ancestra l characters wou ld have been to 

employ phylogenetic systematics witb a maximum parsimony algorithm or maximum 

li ke libood methods (C UNNfNG I-I AM et al., 1998; SWOFFORD & MADDI SON, ] 987) . lt tben 
becomes clear that the phylogenetic distribution of anatomica l features in Fig. 2 (fig. 7-28 
in GERHART & K IRSCHNER) in fact does not support thi s body plan reconstruction! F"or 
example, spiral c leavage and a 4d-mesentoblast have only been convincingly clemon
stratecl in molluscs and anne l ids. They are absent in chordates and nematodes and very 
debatable in artb:ropods. B lastopore fate bas been overemphasi zed iri traclitional p byloge
netic analyses, and the variat ion in blastopore fate in annel ids, nematodes, arthropod , and 
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chordates should be carefully assessed. Furthermore, possession of a pseudocoelom in the 
roundish flatworm, based as it is on nematode morphology, is highly questionable consid
ering the range of anatomical variation present in nematodes, and the inappropriateness of 
a pseudocoelom as a well-defined anatomical feature (e.g., see RUPPERT, 1991). A com
plete gut is the only character likely to be present in the roundish flatworm ancestor. Note 
that, even if they were used at ali , the out-groups are singularly unhelpful for establishing 
the body plan of the roundish flatworm. 

Fig. 2. - Phylogeneti c relationships of Nematoda, Arthropoda , 
Mollusca, Annelida, and Chordata as depicted in GERHART & 
KIRSCHNER ( 1997) (see the ir figs 7-28). RFW represents the roundi sh 
flatwonn proposed by G ERH ART & KIR SCHNER ( 1997) as the last COill -

111011 ancestor of these fi ve phyl a. 

The second problem is the supposee! phylogeny on which GE RH ART & KIRSCHNER ( 1997) 
based their scenario. They quote a number of phylogenet ic stud ies primarily based on 
molecular data, to provide a brancbing sequence for the nematodes, arthropods, chordates, 
annelids, and mo lluscs. Although the data allowed for a number of different branching 
seq uences, they ex hibited one consistent feature : the chordates are derived from within the 
protostomes, making the protostomes paraphyletic. This parti cular hypothes is, however, is 
likely to be the resul t of undersampling of the chordates, and works publi shed both before 
(TELFORD & HOLLAND, 1993 ; TURBEV ILLE et al. , 1992 ; WINNE PENN INCKX et al., 1996) and 
after (AGUINALDO et al., 1997 ; GIR.IBET & .RlB ER.A , 1998) the publ ication of GER.HART & 
KJRSCHNER's book indi cate a monophyletic Protostomi.a and Deuterostomia (excluding the 
lophophorate phy la) . Another consistent featme of GERHART & KIR CHNER's pbylogeny is 
the position of the nematodes, basal to the molluscs, annel id , arthropods, and cbordates . 
Th is is likely to be an a.rt ifact that results from the fa t rates of molecular evolution of the 
sampled nematodes. Substituti on rates are known to b 2-3 times grea ter for some nema
todes (such as the wicle ly studied Caenorhabditis elegans) than for most other Metazoa 
(AGUINA LDO et aL. , 1997). This may result in long-branch attraction and forcing the nema-
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todes to a basal position in the metazoan tree (e.g., WINNEPENNINCKX et al., 1995b). lt 
wou id seem that these critical problems of GERHART & KIRSCHNER 's phylogeny are suffi
cient to rai se serious doubts about the value of the ir evolutionary scenario. 

A third problem concerns the re-introduction of morphology into the molecular phy
logeny to provide an evolutionary scenario of body plan changes. The principal difficulty 
arises with the introduction of morphology wh en the phylogeny is pruned dawn to only
those few phyl a under consideration. As discussed above, the use of such pruned trees to 
visualize relationships is methodologically tlawed, and is likely to lead to untrustworthy 
results. For example, GERHART & KIRSCHNER hypothesize teloblastic segmentation to 
have arisen somewhere be fore the split of the chordates from the protostomes. The seg
mented mesoderm in chordates, and the segments of arthropods and annel ids, may thus 
have 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 
indicate that the most parsimonious solution is the independent evolution of segmenta
tion in chordates and protostomes. If segmentation is derived from a common ancestor, 
it must have been tost severa] times independently in a large number of phyla. l believe 
that if GERHART & KIRSCI-INER would have paid more attention to the comparative 
anatomy of the phyla within a ri garous phylogenetic context, the improbability of deri
ving the chorclates from deep within the protostome clade would have been apparent 
(e.g., SCHAEFFER, 1987 ; NI ELSEN, 1995). 

We can th us identify some very serious shortcomings of GERHART & KIRSCHNER 's 
roundish fl atwonn hypothesis. Explicit incorporation of animal phylogeny, rigorous use of 
phylogenetic systematics, and increased attention to comparative anatomy is needed for a 
more robust hypothes is to emerge that traoscends the anecdotal realm (LEROJ, 1998). 
Although G & K admit that theirs is « but a hypothes is », it is not supported by ava ilab le 
data. 

Reconstructing Urbilateria : insects, chordates, and segmentation 

Recently, there have been tantali zing claims in the li terature for the existence of a 
common segmentecl ancestor for the protostomes and deuterostomes (!-lOLLAND et al. , 
1997 ; KJM MEL, 1996). This hypothesis is based on exciting new discoveries of the mole
cu lar developmenta l biology unclerlying segment formation in insect and chordates. 
Unfo rtunately, the au thors pa id insuffic ient attention to the comparative context of their 
work, wbich resul ted in their aclvancing a bypothes is premature ly. Th early introduc
tion of an explicit phylogenetic framework is a necessary but mi sing step in these 
analyses. A comprehen ive and detailed discussion oftbe nature, developmental control, 
and evolu tion of segmentation in the Metazoa is not my purpose here. ln 1996, a 
European symposium was largely devoted to thi subject (M!NELLJ , 1998). lnstead, my 
goal is to point out how a phylogenetic framework is a necessary and powerful tool for 
understancli ng the true evolutionary meaning of these findings from molecular develop
mental biology. 



• 

252 RONALD A. JENNER 

MüLLER et al. (1996) discovered that the zebrafish expression pattern of her-1, a ver
tebrate homolog of the insect pair-rule gene haùy, was strikingly similar to that of its 
insect homo log in developing short germ band insects. This led KIM MEL ( 1996) to suggest 
the possibility of a common segmented ancestor of protostomes and deuterostomes, 
named Urbilateria by DE RüBERTIS & SASAI (1996). Subsequently, HOLLAND et al. (.1 997) 
found a surprising resemblance in the expression pattern of the Drosophila segment-pola
rity gene engrailed and its chordate homolog AmphiEn in Branchiostoma (amphioxus). 
8oth engrailed and AmphiEn are expressed in the developing segments before these 
become morphologically distinct. This suggests that these genes may play homologous 
roles in segment development in protostomes and deuterostomes. 

To assess the evolutionary mear1ing ofthese findings, two steps need to be undertaken. 
First, we have to establish whether the gene expression patterns under investigation show 
detailed similarities that would allow a primary hypothesis of homology to be proposed. 
Second, this information should be assessed in a phylogenetic context, either by perform
ing a character congruence study that allows the findings to be evaluated against ali other 
informative characters, or by mapping the character onto a phylogeny in order to assess 
the initial homology determination. Unfortunately, it is ali too common in recent studies 
in evolutionary developmental biology to completely neglect the second step in the pro
cedure. 

ln this example, the expression patterns of the insect pa ir-rule gene haüy and its ver
tebrate homolog her-1 do indeed show remarkable resemblances in both the pattern and 
dynamics of gene expression (M ü LLER et al., 1996 ; KIMMEL, 1996). Likewise, the expres
sion patterns of the insect segment-polarity gene engrailed and its homolog AmphiEn in 
amphioxus appear similar (HOLLAND et al. , 1997 ; DE Rü BERTIS, 1997). These similarities 
can serve as a basis to suggest the homology of the expression patterns and, by extrapola
tion, the resultant phenotypes. However, this is precisely the point where the studies ter
minate the ana lytical process. D E RüBERTIS ( 1997, p.25) sim ply stated th at « The fa ct th at 
engrailed is expressed in both Drosophila and chordate metameres tells us that segmenta
ti on was present in the common ancestor from which the insect and chordate lineages 
di verged 500 million years ago, the Urbi la teri a». HOLLAND et al. ( 1997, p. l 73 1) go so far 

as to suggest that this information « fa vors phylogenetic scenarios deriving vertebrates 
from anne lid-like or arthropod-like body plans». However, these are extremely premature 
conc lusions not supported by available information. 

Consideration of the phylogenetic relationshi p of in ect and chordate in the context 
o f a il associated p hyla would provide a powerful opportun ity to test the proposed homol
ogy, and to uncover any alternati ve perspectives. When the phylogenetic re lationshi ps of 
insects and chordates are considered on the basis of present! y available molecular or mor
phological information from a il phyla, it becomes cleru· that segmentation has evolved 
independently in these lineages. Indeed, this a lternative is currently by far the mo t parsi
monious interpretation (AGUfNALDO et al. 1997; NIELSEN et al., 1996). l f insect and char
dates rea lly did d iverge from a common segmented ancestor, then the multiple 
independent !osses of segmentat ion in other protostomes and dcutero tom s have to be 
expla ined. HOLLAND et al. ( J 997) only briefly mention the possible los of egmentation 
in echinoderms, hemichordates, and urochordates, but they never even takc up the pro-
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blem of explaining the supposed loss of segmentation in various protostome phyla (possi
bly including various acoelomate and pseudocoelomate groups). With the possible excep
tion of the molluscs, there is precious little evidence for this scenario of multiple losses of 
body segmentation. Explicit attention to a total invertebrate phylogeny might suggest a 
different interpretation of the data, one connected to the hierarchical nature of homology 
(e.g., ABOUHEIF, 1997; 80LKER & RAFF, 1996). 

lt can be dangerous to use shared patterns of regulatory gene expression to determine 
morphological homology. There is mounting evidence that the genotype-phenotype map 
may be very fluid. This means that developmental regulatory genes can function in very 
different contexts within a single organism and between different organisms (e.g., LowE 
& WRAY, 1997 ; PANGANIBAN et al. , 1997; RAFF, 1996 ; W !,! & ANDERSON, 1997). These 
genes are not rigidly restricted to the development of a certain morphological character. 
Therefore, the determination of morphological homologies as indicated by regula tory gene 
expression patterns may in fact not be straightforward (e.g. , ABOUH EIF, 1997; DICKINSON, 
1995 ; MüLLER & WAGNER, 1996). This is clearly indicated by curTent debates on the sup
posed homology of insect and vertebrate eyes as revealed by expression of insect eyeless 
and vertebrate Pax-6 genes, and the evolution of animal appendages as revealed by 
expression of Distal-less in body wall outgrowths of various animal phyla (PANGAN IBAN 
et al. , 1997). fn su ch cases, the use of phylogenetic information will prove to be especially 
valuable. 

The actual distribution of segmentation among ali the phyla, and the lack of detailed 
anatomical correspondence between insect and chordate segmentation do not support rea l 
homology. The information does indicate, however, that the last common ancestor of 
insects and chordates possessed homologs of the pair-rule gene haùy and the segment
polarity gene engrailed. This indicates the possibility of a deeper homology. For example, 
we might suspect tbat engrailed may have originally functionecl in regional patterning in 
general, and later became independently co-opted into the formation of insect and char
date metameres. However, HOLLAND & BOLLAND (1 998) do not explore this alternati ve 
perspective. They sim ply state (p.656) that « it is important to stress that we are compa
ring body parts and not deeper homologies ». However, consideration of a real phylogeny 
would immediately suggest the value of this different, and useful hypotl1esis. Various 
authors have pointed out the va lue of explicitly incorporating phylogenetic information 
into the study of tbe evolution of developmental processes in more or less closely related 
species (e.g. , ABOUHEIF, 1997 ; MEYER, 1996 ; RAFF & POPODI, 1996). Furtherrnore, a phy
logenetic framework is also absolutely necessary when one wants to compare distantly 
related organisms, such as the wide·Iy used model systems of molecular and developmen
tal biology. 

Evolving bilateral symmetry : insights from the scleractinians'? 

EZAKI ( 1998) argued th at scleractinian cm·als may have evolved as earl y as the 
Paleozoic and could tb us constitute an early anthozoan radiation. EZAKI argued that under
stand ing the evolution of the scleractin ian body plan may help to understand the evolu
tionary origin of the Bi lateria, and in particu lar the evolution of a bilatera lly syrrun etrical 
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body plan. EZAKI's argument is as follows. Anthozoa (including scleractinians) share a 
bilaterally symmetrical body plan that is traditionally considered as derived from other 
radially symmetrical cnidarians. Traditionally, the Bilateria are thought to have been 
derived from the Radiata, and the bilaterally symmetrical Anthozoa are the most likely 
candidates. The earl y origin of the scleractinian body plan may th us belp to elucidate the 
anthozoan radiation within the Bilateria and so shed light on the early evolution of body 
plans 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
genetic basis of his arguments resulted in a conclusion that is virtually devoid of evolu
tionary significance. 

Fig. 3. - Different phy logenetic relation
ships of cnidarian classes as depictecl in 
Ezaki ( 1998) (a) and accordi ng to mod
ern consensus (b), primarily on the basis 

of BRIDGE el al. ( 1995) . 

EZA KI presented a « trad itional » phylogeny of the Cnidaria in wh ich the Hydrozoa is 
a s ister group to the other cnidari ans. Anthozoa is the s ister grm1p to the Scyphozoa + 
Cubozoa. This pbylogeny is hardi y a reflection of o ur CUITent understand ing of cn idar ian 
phy logeny. In fact, EZA KI did not mention any source for this phylog ny, nor d id he spe
c ify what kinds of·data it is based on (molecular or morpho logi al), no r what tbe support
ive characters for th is phylogeny are. The close re lationsh ip belwe n Scyphozoa and 
Anthozoa has traditionall y been based upon the sharcd possess ion of a cellu lar mesog lea, 
gastroderma l gonads, and gastrodermal nematocyte (e.g. , BARN ES & HARRI ON, 1991 ; 
M E iLITSCH & Sci-lRAM, 199 1; RUPP ERT & BARNES, 1994). tt was not unti l recenlly, how-
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ever, that this hypothesis was tested by a comprehensive character congruence study. 
BRIDGE et al. ( 1995) showed th at these characters do not effectively support a close rela
tionship between Anthozoa and Scyphozoa (and Cubozoa) (Fig. 3b). This clearly shows 
the danger of proposing sis ter group relationships on the basis of single characters outside 
the context of ali pertinent information. The current consensus on cnidarian relationships 
(based on morphology and 18S rDNA data) now indicates a basal position of the Anthozoa 
and the existence of a clade of cnidarians with medusae (Scyphozoa, Cubozoa, Hydrozoa) 
(Ax, 1995; BRIDGE et a/., 1995; NIELSEN, 1995; SCI·IUCHERT, 1993). Furthermore, there is 
no firm evidence for a phylogenetic link between Anthozoa and Bilateria. ln this scheme, 
it 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 
the origin of the Bilateria. Consequently, the anthozoan condition may be more accurately 
described as bi radial. EZAKI ' s study cl earl y indicates the danger of relying on outdated, 
and weakly supported textbook trees. 

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

Based on ultrastructural studies of muscle systems and body cavities in various inver
tebrate groups, RI EGER and BARTOLOMAEUS advanced opposing hypotheses of the nature 
of the bilaterian ancestor (BARTOLOMAEUS, 1994 ; RI EGER, 1986 ; 1988; RI EGER & 
LOMBARD!, 1987). RI EGER suggested a myoepithelial organization of the coelomic lining 

as tbe grou nd pattern of the Bilateria. The acoelomates and pseudocoelomates would have 
been derived from this bilaterian stem species by repeated events of progenesis . ln con
trast, BARTOLOMAEUS (1 994) argued for a compact bilaterian ancestor without interna i 
body cavities. The pseudocoelomate and coelomate organizations would have been 
derived from th is ancestor. The detailed arguments these authors use are not important 
here. What is important is that both au thors make only minimal use of both phylogenetic 
methods as weil as currently available information about invertebrate phylogeny. 

RIEGER only inserts various intui tive phylogenetic arguments into his work. His con
c lusions are based chiefl y upon extrapolation fro m echinoderms and annel ids to the who l.e 
of the coelomate B ilateria. This impl ies that the coelomate Bilateria (protostomes and 
deuterostomes) are monophyletic. ln this regard, however, it is cruc ial to understand the 

pbylogeneti c pos ition of the pseudocoelomate and acoelomate phyla. Wh ile recent phylo
genetic ana lyses of the animal phy la do not agree in detail, both molecular (AGUINALDO et 
al., 1997 ; W JNNEPENN INCKX, l 995a, b), and morpho logica l ana ly es (EERNISSE et al., 
1992 ; N iELSEN et al. , 1996) suggest that the pseudocoelomates and acoelomates may be 
d istri buted among coe lomate bi laterians. Irrespective of whetber or not they form coher
ent clades, thi s possibil ity ind icates th at a coe lomate bil aterian common an ces tor of ali 
coelomate phyla might not even have existed. Even if the coelomate bilaterian form a 
coherent clade w ith the acoelomates and pseudocoelomates out ide it, RI EGER's xtrapo
lations at the very best are only ab le to reconstruct the grou nd pattern of the c tomate 
Bi lateria . Bilateria and coelomate Bi lateria are, however, used inter~hangeab ly in RltuER 
& LOM I3ARDI ( 1987). O nly explici t cons ideration of phylogenetic relationships of ali the 
invertebrate phy la w iiJ resolve this ambiguity. 
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BARTOLOMAEUS' (1994) scenario suffers from similar problems. He reconstructed the 
bilaterian ground pattern by reference to Ctenophora ànd acoelomate Bilateria (e.g., 
Platyhelminthes, Nemertinea, Entoprocta, Gastrotricha). This only makes sense, however, 
if these phyla are in fact primitive branches within the Bilateria. The basal branches of a 
clade are the ones most Iikely to provide relevant information concerning the ground pat-

. tem of the clade (YEATES, 1 995). Here again, a comprehensive phylogenetic framework is 
needed for an accu rate re-evaluation of this hypothesis. 

Although RI EGER's and BARTOLOMAEUS' hypotheses about the bilaterian stem-forms 
are presented as alternative reconstructions, a more rigorous use of phylogenetic methods 
would have alerted them to the pointlessness of the debate. In fact, RIEGER and 
BARTOLOMAEUS reconstructed different ancestors. Fig. 4 illustrates this. By extrapolating 
from studies on echinoderms and annelids to the whole coelomate Bilateria, RIEGER recon
structed an ancestral ground pattern at the in-group node (node 1) of the phylogeny. ln con
trast, by focusing on the presumptive sister group of the Bilateria (Ctenophora), 
Bartolomaeus reconstructed the ground pattern of the out-group node (node 0) of the phy
Iogeny. This means that in principle both hypotheses could be vindicated by the data, 
because character transformations may occur on the internode connecting the in-group and 
out-group nodes. The relative merits of the contrasting hypotheses proposed by RI EGER 
and by BARTOLOMAEUS need to be re-assessed, but that can only be done with reference to 
cladistically-framed hypotheses about the phylogenetic relationships of ali the invertebrate 
phyla, and by employing parsimony algorithms for ground pattern reconstructions . 

Fig. 4. - Locations of the in-group node (!-node) and out-grovp 
node (0-node) with regard to the different hypotheses for the 
bilater ian ancestor proposed by BARTOLOMAEUS ( !994) and 
RI EGER & LOMBA RDI ( 1987). See text fo r di scussion. 

CONCLUS ION AND RECOMMENDATlON 

T his is a time in whi ch man y new researcb programs are estab lished in a ari ety ofbio
log ica l di sc iplines . These deve lopments are associated w ith the transformation of com-
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parative biology by phylogenetic systematics. Although the comparative method has 
existed at !east since CUVIER, and with a particular focus on phylogenetic relationships 
since HAECKEL, the elaboration of explicit phylogenetic methods greatly facilitated the 
rigorous use of phylogenetic information in comparative studies. The modern meaning of 
a cbmparative, historical, or evolutionary perspective therefore refers to the pbylogenetic 
relationships of organisms. This phylogenetic perspective was a maj_or force for the estab
lishment of, for example, historical ecology and ethology, various parts of evolutionary 
paleobiology, and evolutionary developmental biology (e.g., ARTHUR, 1997 ; BROOKS & 
Mc LENNAN, 1991; HARVEY & PAGEL, 1991 ; JABLONSKI et al., 1996). 

Evolutionary biology principally derives its strength and merit from extrapolation 
from case studies to more comprehensive contexts (GRANDCOLAS et al. , 1997). 
Phylogenetic methods and information provide a robust and testable means for such 
extrapolation . l.t should be clear, however, that posing a questiôn in an evolutionary 
context is not the same as incorporating evolutionary information into the answer. 
This pinpoints the problem with a variety of modern comparative studies, especially 
in the field of evolutionary developmental biology. Frequent! y, the central importance 
of primary homology assessments is over-emphasized, wh ile the ass imilation of phy
logenetic information is ignored (e.g., GILBERT et al. , 1996; HOLLAND & HOLLAND, 
1998; HOLLAND et al., 1996). In addition, studies of this ki nd often put dispropor
tionate emphasis on only one or very few characters. Such a monothetic approach fun
damentally violates the principles of phylogenetic systematics, which 1 believe is the 
only rigorous method currently available for reconstructing phylogeny. Taking up 
only one or a few characters is often misleading and very unlikely to increase our 
understanding of evolution. rn other cases, phylogenetic data are only used in an intu
itive fashion, with little attention to selection of a particular phylogeny (e.g. , EZA KI , 
1998) or proper method s of phylogenetic inference (e.g., BARTOLOMAEUS, 1994; 
GERHART & KIRSC I-IN ER, 1997; RI EGE R & LOMB ARD!, 1987) . We are on the right track, 
howeve r. A more intense dialogue between phylogeneticists and other biologists is 
necessary for a proper understanding of macroevolutionary change, and for the deve l
opment of a more robust and unifi ed evolutionary theory (G ILBERT et al. , 1996; 
GRANDCOLAS et al., 1997 ; LARSEN et al. , 1997). 

The literature on ali aspects of animal evolution is expanding at an ever in creas in ~ 

rate. lndeed, a high rate of research may lead to rapid turnover of phylogenies. Continuai 
re-evaluation and add itions to the character sets , however, should result in increas ingly 
robust phylogenetic hypotheses. Neverthe less, the dynamics of the field cannot be used as 
an argument for ignoring phylogenetic i_nformation in comparative studies. CleaJ·Iy, there 
are phylogenies (both molecular and morphologica l) ava ilable, and despite differences in 
their topology there is much to be ga ined from incorporating them into comparative stu
dies. 

If we do not want to be swamped by the grow ing forest of trees and evolutionary sce
nari os we need to be conscious of our methods of analysis (JENNER & SCHRAM , in press) . 
Ou r own future effo rts will concern a comprehensive cladistic analys is of comparative 
anatomy, embryo logy, aJld developmenta l genetics to shed light on the higher-level phy
logeny of invertebrates. 
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