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ABSTRACT T 

Manyy cladistic analyses of animal phylogeny have been published by authors arguing that their  results are 
welll  supported. Comparison of these analyses indicates that there can be as yet no general consensus about 
thee evolution of the animal phyla. We show that the various cladistic studies published to date differ 
significantlyy in methods of character  selection, character  coding, scoring and weighting, ground-pattern 
reconstructions,, and taxa selection. These methodological differences are seldom made explicit, which 
hinderss comparison of different studies and makes it impossible to assess a particular  phylogeny outside its 
ownn scope. The effects of these methodological differences must be considered before we can hope to reach 
aa morphological reference framework needed for  effective comparison and combination with the evidence 
obtainedd from molecular  and developmental genetic studies. 

KtyKty words: phylogeny, Metazoa, Animalia, cladistics, Articulata , Eutrochozoa, evolution. 
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'W ee shall not cease from exploration 
Andd the end of all our  exploring 
Wil ll  be to arriv e where we started 
Andd know the place for  the first  time 

Throughh the unknown, remembered gate 
Whenn the last of earth left to discover 
Iss that which was the beginning' 

T.. S. Eliot, 1943 
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I.. INTRODUCTION 

Everr since Darwin stressed that the 'relationships' 
amongg species are genealogical, biologists have 
attemptedd to reconstruct the tree of life. The history 
off  the subject is complex and important, and deserves 
moree attention from historians (see Bowler, 1996; 
Nyhart,, 1995 and discussion in Horder, 1998). 
Comparativee anatomy and embryology became the 
toolss of the trade, and countless phylogenetic 
schemess have been proposed since Darwin's time. 
However,, littl e agreement emerged about the 
higher-levell  phylogeny of the animal kingdom. A 
numberr of factors may be held responsible for this 
situation.. First, phylogenetic schemes were often 
proposedd by considering only a few characters. On 
thee one hand, knowledge about invertebrate anat-
omyy and embryology was too inadequate to allow 
firmfirm phylogenies to be erected. On the other hand, 
workerss strongly adhered to the data of their trade 
andd consequently considered only part of the 
availablee information as important for sorting out 
evolutionaryy relationships. The ' Kompetenzkon-
flikt'flikt'  that developed in the late nineteenth century 
betweenn comparative anatomy and embryology 
clearlyy illustrates this (Nyhart, 1995). Second, there 
wass no rigorously defined method of analysis. Before 
cladisticss came into vogue, proposed theories fre-
quentlyy put invertebrate evolution into a particular 
lightt without equal attention to all available in-
formation.. Often, such theories constrained fruitful 
thinkingg about invertebrate evolution (e.g. 
enterocoell  theory) and were in effect untestable. In 
addition,, much energy was devoted to the search for 
ancestrall  taxa and the construction of various 
hypotheticall  ancestors. Finally, organisms were 
sometimess united on the basis of symplesiomorphies 
orr even by common ascent (e.g. Janvier, 1996) 
resultingg in the erection of para- or polyphyletic 
groups.. These considerations contributed to the 
imagee of higher-level phylogeny as subjective and 
largelyy speculative. This stands in high contrast to 
thee manifest importance of the questions addressed 
byy invertebrate phylogeny. 

Somee relatively recent developments have con-
tributedd to a blossoming of activity in the field of 
higher-levell  invertebrate phylogenetics. Prominent 
amongg these is the exploration of new sources of 
information,, such as analysis of molecular sequences 
(e.g.. Aguinaldo et al., 1997; Field et al., 1988), study 
off  gene duplications (e.g. Bailey et al., 1997), gene 
rearrangementss (Boore et al., 1995), genomic 
signaturess (Karlin & Mrazek, 1997), Hox genes (e.g. 

Averoff  & Akam, 1995; Carroll, 1995), ultrastructure 
(e.g.. Rieger, 1986; Storch, 1979), and evolutionary 
developmentall  biology (e.g. Hall, 1992; Wray, 
1997).. Another seminal development has been the 
adoptionn of cladistics as a uniform method for 
phylogenyy reconstruction and data processing. This 
allowedd taxa to be understood as monophyletic 
evolutionaryy entities, and the search for ancestor-
descendantt lines was abandoned for the analysis of 
sister-groupp relationships. The uniform method of 
cladisticss greatly facilitated the testability and 
comparabilityy of different studies. However, it took 
aa relatively long time before 'deep phylogeny*  was 
approachedd with explicit cladistic methods. 

II .. CLADISTIC ANALYSES OF THE METAZOA: 
CONSENSUSS OR CONFUSION? 

Majorr advances have been made since Haeckel 
(1866)) constructed his artistic phylogenies of the 
animall  kingdom, but some of the old problems still 
remainn (Barnes, 1985; Ghiselin, 1989). Recent 
discussionss of phylum-level relationships in books 
(Brusca,, Brusca & Gilbert, 1997; Raff, 1996) and 
manyy journal articles (Conway Morris, 1993, 1994; 
Erwin,, Valentine & Jablonski, 1997; Valentine, 
1997)) put increasingly more emphasis on molecular 
phylogenies,, especially those derived from 18S 
rRNA/DNAA data. This bias may lead to an 
unwarrantedd consensus of animal phylogeny that 
couldd actually misrepresent the amount of perceived 
agreementt reached when one disregards morpho-
logicall  and other evidence. A recent book on 
evolutionaryy developmental biology states that 'the 
[molecular]]  cladograms generally agree with each 
otherr and with standard morphological analysis...' 
(Gerhartt & Kirschner, 1997, p. 23). Notwithstand-
ing,, it is becoming clear that molecules and 
morphologyy are telling (at least in part) a very 
differentt story at the phylum level (e.g. position of 
thee 'lophophorate' phyla, subdivision of the proto-
stomee phyla into Ecdysozoa and Eutrochozoa, 
polyphylyy of the Asehelminthes). Furthermore, the 
resolutionn achieved with 18S ribosomal sequence 
dataa is fairly restricted (e.g. Aguinaldo et al., 1997; 
Maleyy & Marshall, 1998; Philippe, Chenuil & 
Adoutte,, 1994), and it does not always accord with 
resultss obtained from other molecules. Analyses of 
molecularr sequence divergences have abo facilitated 
thee estimation of the timing of the origin of the 
metazoann phyla, although some of the estimates 
remainn disputed (see Doolittle et al., 1996; Fortey. 
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Fig.. 1. Strict consensus representation of the strict consensus trees from Schram (1997) and Nicisen et al. '1996). 

Briggss & Wills, 1996; Wray, Levinton & Shapiro. 
1996;; Doolittle, 1997; Feng, Cho & Doolittle, 1997; 
Ayala,, Rzhetsky & Ayala, 1998). 

Thee remainder of this paper will deal with 
morphologicall  cladistic analyses of the phylogeny of 
invertebratee phyla. Molecules and morphology 
constitutee two independent lines of data and it is 
beyondd the scope of this review to begin to compare 
thee results of the variety of molecular analyses. We 
firstt need a clearer indication of the phylogenetic 
signall  present in the morphological data before 
meaningfull  comparisons can be made. 

Overr the last decade, a number of phylogenetic 
analysess have been published that have dealt 
specificallyy with metazoan phylum-level inter-
relationshipss based on comparative anatomy and 
embryology.. Most of these employed some form of 
cladisticc analysis (e.g. Ax, 1989. 1995; Backeljau, 
Winnepenninrkxx & Df Bruyn. 1993; Brusca & 
Brusca,, 1990; Christoflersen & Araüjo-de-Almeida, 
1994;; Eemisse, Albert & Anderson, 1992; 
Haszprunar.. 1996: Meglitsch & Schram, 1991; 
Nielsen.. 1995; Nielsen, ScharfT & Eibye-Jacobsen, 
1996;; Rouse * FanchalH. 1995, 1997; Schram, 
1991,, 1997; Schram & Ellis, 1994; Wallace, Ricci & 
Melone,, 1996; Wheeler, Cartwright & Hayashi, 
1993).. Ax (1989, 1995), Nielsen (1995) and 
Christofïersenn & Aranjo-de-Almeida (1994) 
emplovedd a manual (Hennigian) method of par-
simonyy analysis, although 'heir underlying assump-
tion?? differ 

Onlyy F. R. Scliiam and C. Nielsen and their 
respectivee associates have performed computer-
assistedd cladistic analyses of all the phyla sim-
nltanroiwly.. There are certainly more higher-level 
phylogeneticc studies evident in the literature, but 
Hiesee usually have a more restricted focus, and often 
includee clitf'rrnt phyla onlv to function as out-

groupss to a supposed monophyletic in-group (e.g. 
Salvini-PIawenn & Steiner, 1996; Carlson, 1995). In 
otherr cases, the discussion is in the context of 
importantt fossils (e.g. Beall, 1991; Conway Morris & 
Peel,, 1995; Waggoner, 1996). The analysis of 
Willmerr (1990) takes an exceptional position, in that 
noo formalized method of analysis was used. She 
concludedd that the prevalence of convergent evol-
utionn wil l frustrate every attempt to arrive at a 
higherr classification of the invertebrates on the basis 
off  morphology. 

Theree are claims in the recent literature that 
certainn invertebrate relationships now stand solid. 
Arthurr (1997) attempted a consensus analysis of 
somee of the recent literature, but his study is limited 
too only a portion of the published morphological 
cladisticc papers and also includes non-cladistic works 
andd works based on molecular data. Furthermore, 
hiss consensus 'cladogram' is an intuitive amal-
gamationn of the different sources, and is certainly 
nott a consensus cladogram in any meaningful 
cladisticc sense (i.e. representing information com-
monn to a specified number of cladograms). In 
addition,, Schram (1995) and Nielsen (1997a) indi-
catedd some patterns of relationship that appear to be 
agreedd upon. However, when considered in greater 
detail,, the picture becomes obscured. A strict 
consensuss representation of the two latest com-
prehensivee computer-assisted analyses of metazoan 
phylogenyy (Nielsen et at., 1996; Schram, 1997) 
showss that there is still much to be done (Fig. 1). The 
lackk of detailed correspondence of these two large-
scalee analyses may help diagnose more widespread 
issues. . 

Inn the following discussion, we wil l critically assess 
recentt attempts to arrive at a higher-level phylogeny 
off  the invertebrates. The focus wil l be on recent 
cladisticc studies of morphology and embryology. We 
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wil ll  assess the relative merit of these studies from a 
methodologicall  point of view. We will indicate 
profoundd differences between the various studies in 
thiss respect. These differences in the proposed 
phylogeniess will be ascribed to different strategies of 
characterr selection, the inclusion of different taxa, 
thee adoption of different methods of character 
constructionn (including character coding, character-
statee delineation, character weighting), different 
methodss of ground-pattern reconstruction and the 
employmentt of different analytical techniques. We 
wil ll  suggest a number of rules, and a strategy 
necessaryy for the development of a more effective 
morphological,, phylogenetic framework that can 
functionn as a reference point for comparison with 
phylogeniess derived from other kinds of data. We 
wil ll  point out common difficulties of the analyses in 
general,, and particular weaknesses of some of the 
individuall  studies. We will illustrate these problems 
byy critically assessing alternative phylogenetic hy-
pothesess proposed in the current literature. This 
revieww does not provide a detailed analysis of the 
phylogeneticc relationships of all the invertebrate 
phyla.. That will be the aim of a forthcoming paper. 

III .. CONSTRUCTING THE DATA MATRIX 

Mostt comments we have concern practices of data 
matrixx construction. In contrast to discussions of the 
methodss of analysis of given data sets, the discussion 
off  problems of character definition have received 
relativelyy littl e attention in the theoretical literature 
(Hawkins,, Hughes & Scotland, 1997; Pogue & 
Mickevich,, 1990). Nonetheless, the mode of defining 
characterss and delineating character states is the 
primee determinant of the outcome of any cladistic 
analysis.. However, different authors adhere to 
drasticallyy different philosophies when it comes to 
;hee selection and treatment of characters. Authors 
cann differ with regard to the number and nature of 
thee characters included in the analysis (based on a 
prioripriori  conceptions of the evolutionary significance of 
thee characters), the details of character coding 
(whetherr binary, multistate, ordered), character 
scoringg ('inapplicable' or polymorphic), and 
characterr weighting (a priori, a posteriori). Other very 
importantt choices are associated with the recon-
structionn of phylum-level ground-patterns, the selec-
tionn of the in-group and out-group taxa, whether 
poorlyy understood but potentially important 
'problematica'' and fossils should be included, and 
thee methods of analysis (e.g. manual versus computer-

assisted).. Various authors have pointed to the 
importancee of these issues, but only lip service has 
beenn paid lo the explicit assessment of these issues in 
thee context of practical application in phylogenetic 
analysess of the animal phyla. 

(1)) Character selection 

Phylogeneticc hypotheses based on few characters 
mayy differ substantially from analyses that use more 
orr different data. A striking example that illustrates 
thee effect of character selection is the case of the 
phylogeneticc relationships of turtles. Lee (1995) 
showedd that the choice of characters used in cladistic 
analysess of basal amniotes has been biased towards 
'' key*  features used in older studies performed within 
outdatedd methodological frameworks. This led to 
thee neglect of a set of phylogenetically important 
featuress that were essential for the correct identi-
ficationfication of the nearest turtle relatives. 

Thee dangers of either incorporating inappropriate 
data,, or ignoring potentially informative data are 
particularlyy pertinent for higher-level phylogeny. 
Here,, the intrinsically limited availability of in-
formationn has a prominent effect. It is therefore 
cruciall  to understand the factors that influence the 
selectionn of characters for a phylogenetic analysis. 

First,, the level of analysis determines what 
characterss are potentially informative. Characters 
thatt are informative (apomorphic) at a certain level 
mayy be uninformative (symplesiomorphic) at 
anotherr level. The level of analysis is closely lied to 
taxonn selection and will be discussed below in section 
I1I.5. . 

Second,, one can choose lo rely exclusively on 
characterss of a particular type (e.g. ultrastructural 
data),, or from a particular stage of the life cycle of 
thee animals (e.g. adult morphology). For example, 
Rousee & Fauchald (1995) in their analysis of annelid 
interphyleticc relationships restricted the characters 
too adult morphology (although in fact one character 
dealss with cleavage type). Consequently, they scored 
'protonephridia**  absent in Clitellata, Echiurida, 
Molluscaa and Polychaeta. However, 'proto-
nephridia'' can be considered to be present in the 
larvall  ground-pattern of these taxa (Bartolomaeus, 
1989,, 1995; Haszprunar, 1996). Inclusion of larval 
characterss will therefore lead to a different ground-
patternn reconstruction. This may affect the outcome 
off  the analysis and the range of character trans-
formationss allowed by the data. 

Third,, character choice is determined by primary 
homologyy assessment (Hawkins el «/., 1997; De 
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Pinna,, 1991). This crucial step in the analysis 
remainss subjective and stands in contrast to the 
methodologicall  rigor of the actual cladistic analysis. 
Opinionss about primary homology may differ 
greatlyy between studies (e.g. Nielsen, 1987; Salvini-
Plawen,, 1980 on homology of larval types). An 
especiallyy clear example of the effect of primary 
homologyy assessments on character selection is linked 
too adherence to a particular *view of evolution', such 
ass the Trochaea Theory (Nielsen & Norrevang, 
1985).. The centrepiece of this theory is the notion of 
thee independent evolution of a protostomian and a 
deuterostomiann lineage from a common, radially 
symmetrical,, non-coelomate planktonic ancestor 
(gastraea).. This assumption entails that, except at 
thee level of the holoplanktonic gastraea, homo-
logizingg characters across the 'protostome-
deuterostomee boundary' is not justified. Characters 
suchh as mesoderm and its derivatives, and coelomic 
cavitiess thereby lose their phylogenetic potential. 
Moreover,, the theory proposes that the adult stage of 
thee Cnidaria evolved independently from the 
gastraea,, while the adult stage of the Porifcra 
evolvedd independently from a more distant ancestor 
(blastaea)) (Nielsen, 1998). Put differently, an im-
portantt problem associated with a reliance on an a 
prioripriori  set of constraints of character assessment, such 
ass the Trochaea Thory, is an unnecessary restriction 
off  the range of potentially informative characters. 
Thiss leads to a scenario-driven phylogenetic hy-
pothesiss (see also Marques, 1996). Nielsen (1995) 
showss the effect of such a straightjacket in regards to 
thee selection of phylogenetic characters. The analysis 
off  Nielsen et al. (1996). however, circumvents this 
problemm to a great extent by including potentially 
informativee characters even it' they contradict the 
assumptionss of the Trochaea Theory (namely 18, 
26,, 28, 50, 52, 55). However, some remnants of the 
assumptionss of the Trochaea Theory are still 
detectablee in this study, such as the exclusion of 
'bilaterall  symmetry' as a potentially informative 
character. . 

Especiallyy in some of the earlier cladistic studies of 
phylumm relationships (Brusca & Brusca, 1990; 
Meglitschh & Schram, 1991) characters have some-
timess been defined with very littl e attention to 
primaryy homology. Characters such as 
'cephalization',, 'general free-swimming larva', and 
'speciall  excretory organ' have been used, but the 
limitedd detail of the definitions seriously com-
promisess the phylogenetic value of such characters. 
Primaryy homology assessments should be 
approachedd with more care. 

Fourth,, characters need to be independent from 
eachh other so as not to provide spurious clade 
support.. Character independence is the most com-
monn assumption of cladistic analyses (Emerson & 
Hastings,, 1998). Yet it proves difficult to outline a 
sett of strict criteria for evaluating character in-
dependence.. It is, therefore, not surprising to see that 
differentt authors use different criteria for diagnosing 
characterr independence. These criteria range from 
acceptingg anything short of exact co-variation of 
characterss as indicative of character independence 
(acceptingg simple correlation between characters as 
evidencee of non-independence, however, is an 
insufficientt criterion; sec Jones, Kluge & Wolf, 
1993),, to accepting only those characters that show 
absolutelyy no topological, temporal, hierarchical 
orr ontogenctical correspondence. Importantly, 
differentt decisions on character independence can be 
translatedd into different character coding strategies 
(Wilkinson,, 1995). When comparing the analyses of 
Eernissee el al. (1992) and Rouse & Fauchald (1995) 
onn the interphyletic relationships of spiralians, the 
effectt of different attitudes towards character in-
dependencee becomes strikingly obvious. Eernisse el 
al.al. (1992) used 141 characters, while Rouse & 
Fauchaldd (1995) only used 13 characters! 

Tnn summary, character selection has a prominent 
effectt on the outcome of phylogenetic analyses. 
Theree is only a limited overlap in the characters used 
inn the diflèrent studies. Thus, differences in character 
selectionn account for a considerable number of 
discrepanciess between proposed phytogenies of the 
animall  phyla. This probably holds true also for 
analysess on different taxonomical levels (e.g. see 
Schultze,, 1994 for sarcopterygian relationships). 
Unfoundedd exclusion of characters can be a serious 
sourcee of bias in an analysis. Proposing sister-group 
relationshipss on the basis of single characters without 
aa congruence study is an extreme case of this 
problemm (e.g. Rieger & Tyler, 1995). 

(2)) Character  construction 

Onee fundamental and as yet unresolved problem of 
phytogenyy reconstruction is the coding of characters. 
Theree are various approaches to the construction of 
cladisticc characters (Hawkins el al., 1997; Pleijel, 
1995;; Wilkinson, 1995). Given a certain observed 
patternn of organismal variation, different strategies 
off  character coding can yield quantitatively and 
qualitativelyy different results (Hawkins el al., 1997; 
Wilkinson,, 1995). Unfortunately, widely different 
codingg strategies are often employed without any 
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explicitt discussion, and frequently a mixture of 
techniquess is applied within a single study. When we 
assessedd the different phylum-level analyses, it 
becamee clear that different character coding 
strategiess contributed significantly to the differences 
amongg the proposed phylogenetic hypotheses. 
Exampless abound in the literature and the effect of 
adoptingg a particular coding strategy is usually 
neverr evaluated. 

Onee of the most important considerations that 
shouldd enter into the choice of a particular coding 
strategyy is whether the observed variation in 
characterss is considered to be independent, 
empiricallyy or biologically (Wilkinson, 1995; 
Emersonn & Hastings, 1998). The most common 
dangerr of treating characters that are not inde-
pendentt as separate characters is that of spurious 
cladee support. For example, Eernisse et at. (1992) 
scoree at least nine characters (9, 61, 64, 15, 54 
[ == 56], 55, 57, 58, 59) associated with 'metamerism' 
off  the body, while Rouse & Fauchald (1995) only 
scoree one character with regard to 'segmentation'. 
However,, it may also result in logical inconsistencies 
inn coding when hierarchical linkage between 
characterss is not acknowledged. For example, in the 
matrixx of Meglitsch & Schram (1991) (see also 
Schram,, 1991) we identified at least ten 'linkage 
groups'' of two or more characters'that are treated 
independently,, but are, in fact, hierarchically linked 
(e.g.. characters [4, 14], [12, 18, 24J, 120,57], [6, 13, 
23,, 69], f 11, 19, 43], [21, 42, 51, 52, 63, 64], [3, 22, 
49,, 54], [31, 32, 53], [46, 47], [71, 74]). Incorrect 
codingg of these characters introduced inter-
pretationall  ambiguity into the analysis. For 
example,, characters 18 and 24code 'radialcleavage' 
ass the plesiomorphic character state, and 'spiral 
quartett cleavage', and 'aberrant spiral cleavage' as 
thee respective apomorphic character states. Thus, 
taxaa with both 'spiral quartet cleavage', and at the 
samee time ' radial cleavage' are scored. This problem 
cann be easily corrected by creating multistate 
characterss with separate character states for 
'absence/slatee 1/state 2', or separate characters for 
'absence/presence'' and 'state 1 /state 2' whereby in 
thee case of the absence of the character 'inap-
plicable'' is scored (for relative merits of these 
strategiess sec Hawkins et al., 1997; Pleijel, 1995). 
Also,, the data matrix of Meglitsch & Schram (1991) 
containss some characters (namely 25, 35, 38,44, 48, 
58)) in which the character states do not have a 
complementt relationship (i.e. they do not accurately 
describee two logically alternative and complemen-
taryy character states). The principal effect here is the 

inabilityy to distinguish between absence of the 
characterr and having the plesiomorphic character 
state.. Recoding of characters is necessary. 

Whetherr conventional coding, nominal variable 
codingg or multistate coding should be applied 
remainss a contentious issue (Meier, 1994: Pleijel, 
1995;; Wilkinson, 1995; Hawkins et al., 1997). Each 
methodd has its own specific merits and associated 
problems.. Multistate coding sacrifices information at 
aa more general hierarchical level for a less general 
levell  (Pleijel, 1995). As examples of this effect 
comparee the analyses with multistate coding and 
absence/presencee coding of the same data in Rouse 
&&  Fauchald (1997) and the analyses of Jefferies 
(1997)) and Peterson (1995). 

Whenn more conventional coding is employed a 
problemm arises when in addition to the absence/ 
presencee of a character a further differentiation is to 
bee made when the character is present. The only 
logicallyy consistent method then scores 'inappli-
cable'' for those taxa that do not possess the 
character.. Most of the recent phylum level analyses 
sufferr to various extents from problems with in-
consistentt application of 'inapplicability' scoring 
(e.g.. Meglitsch & Schram, 1991; Eernisse et al., 
1992;; Wheeler et at., 1993; Haszprunar, 1996; 
Nielsenn et al., 1996; Wallace et al., 1996). In-
appropriatee use of inapplicability scoring may lead 
too the incorrect grouping of taxa on ihe basis of 
inappropriatee absences or loss of a character (see also 
Rousee & Fauchald, 1995). Waggoner (1996) created 
aa separate character state for inapplicable charac-
ters.. The results of this analysis differed from those 
obtainedd by conventional treatment of inapplicable 
characters.. However, current computer programs 
forr phylogenetic inference such as PAUP (Swofford, 
1993)) treat inapplicable characters and unavailable 
dataa ('?') in the same way. The program has to 
assignn a character state to a taxon, and so can assign 
aa meaningless character state. Performing separate 
analysess at different hierarchical levels is an alterna-
tive.. An ultimate solution has to await the de-
velopmentt of new phylogenetic software that can 
deall  with problems of hierarchically nested 
characterss (Maddison, 1993). Until then the prob-
lemm should be acknowledged, and the effect of 
differentt coding strategies for a given data set should 
bee evaluated (e.g. Glenncr et al., 1995). 

Ass a final clear example of the effects of different 
codingg strategies we recoded the multistate 
characterss of Haszprunar (1996) as absence/ 
presencee characters. Haszprunar (1996) analysed 
thee interphylum relationships of the Mollusca and 
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Fig.. 2. Strict consensus representation of Haszprunar's 
(1996)) unequally weighted analysis (A), equally weighted 
analysiss (B), and our  adjusted equally weighted (binary 
coded)) analysis (C). 

suggestedd a sister-group relationship of the 
Entoproctaa (Kamptozoa) and Mollusca that was 
previouslyy proposed by Barlolomaeus (1993). 
Haszprunarr  (1996) used 40 morphological 

characterss of which II  were multistate. The 
Mollusca-Entoproctaa sister-group relationship 
resultedd from an analysis that was a priori  unequally 
weightedd and was supported in the strict consensus 
treee (Fig. 2 A). The strict consensus of the equally 
weightedd analysis did not resolve mollusc relation-
shipss (Fig. 2B). We recoded eight multistate 
characterss (characters 6, 11,12, 14,17,22, 23,36) as 
absence/presencee characters scoring inapplicable 
characterss as *? \ After  correcting two scoring 
mistakess (characters 36 for  Acoelomorpha and 40 for 
Polychacta)) we reanalysed the adjusted data set 
(availablee upon request) and obtained two MPTs 
(versuss six MPT s using the original data set) after  an 
equallyy weighted analysis (Fig. 2C depicts the strict 
consensuss tree). Notice that the strict consensus tree 
off  the adjusted analysis is more highly resolved than 
thee original , and that the Entoprocta-Mollusca 
sister-groupp relationship is not supported. Recoding 
allowedd more characters to be informativ e at a more 
generall  level. However, the inapplicabilit y coding 
mayy lead to unwarranted character-state assign-
ments. . 

Wee are not converting such differences in charac-
terr  coding into value judgments, right or  wrong, but 
thesee differences do have a strong effect on the 
outcomee of a phylogenetic analysis (e.g. Jefferies, 
1997;;  Rouse &  Fauchald, 1997; Wilkinson, 1997). 
Hence,, we need to assess this effect more full y and 
moree explicitly than is current practice, and to do so 
wouldd allow a more balanced and reliable estimation 
off  the phylogenetic signal present in the data. 

(3)) Reconstruct ing ground patterns 

Onee of the hallmark s of rtadistics is the disposal of 
ancestorss occupying a central place in systematica. 
Cladisticc analysis solely identifies sister-group re-
lationshipss and does not recognize ancestor-descen-
dantt  relationships. However, ancestors do play 
ann important role when analysing the phytogeny of 
higher-levell  taxa. Reconstructing ancestral charac-
terr  states then represents a necessity for  the proper 
reconstructionn of phylogeny. For  cladistic purposes 
thee plesiomorphic character  states of a taxon con-
stitutee the ground-pattern or  ground-plan of that 
taxon.. The reconstruction of this ground-pattern of 
aa taxon is a crucial step in a phylogenetic analysis 
andd determines the range of possible outcomes of 
thee analysis. Therefore, this step deserves detailed 
attention. . 

Yeatess (1995) described two methods of ground-
patternn reconstruction: the intuitiv e method and the 
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Tablee 1. Different methods of ground-pattern reconstruction and the resulting plesiomorphies for various higher-level taxa 

Taxonn Plcsiomorphic 

Rotifrr aa Planktotrophtc larva (Nielsen, 
1995,, 1998) 

Directt  development (Haszprunar, 
Salvini-Plawenn &  Rieger, 1995) 

Arthropod aa Spiral cleavage {Nielsen, 1995) 

Irregularr  'radial '  cleavage 
(Scholtz,, 1997) 

Molluscaa Cuticle with conchin (Rouse & 
Fauchald,, 1995) 

Cuticlee with chitin (Haszprunar, 
1996) ) 

Polychaetaa Metancphridia (Rouse & 
Fauchald,, 1995) 

Protonephridiaa (Haszprunar, 
1996) ) 

Bilateriaa Epithelio-muscle cells (Rieger, 
1986;;  Rieger  &  Lombardi, 
1987) ) 

Myocytess (Bartolomaeus, 1994) 

Criterio n n 

Trochaeaa Theory, homology of corona with 
proio-- and tnetatroch or  trochophorcs 

Out-groupp comparison 

Presentt  in 'primitive ' crustaceans, 
convergentt  evolution unlikely 

Commonn in in-group, crustacean spiral 
cleavagee is autapomorphy when mapped 
onn crustacean phytogeny 

Basedd on gastropods 

Basedd on aculiferans 

Adultt  morphology 

Larvall  morphology 

Structurall yy similar  and similarly 
distributedd as supposedly primitiv e 
monociliatrr  epithelial cells 

Out-groupp comparison (Ctenophora) 

exemplarr  method. The intuitiv e method deduces a 
ground-patternn according to certain criteri a by 
comparingg a number  of in-group species. These 
criteri aa include: (1) 'common occurrence within the 
in-groupp equals primitive ' (e.g. Xianguang & 
Bergström,, 1997); (2) character  state occurring in 
thee most plesiomorphic clade(s) of the in-group 
(cladee arising from in-group node with fewest 
terminals)) is primitiv e (e.g. spiral cleavage as 
plesiomorphicc for  arthropods in Nielsen, 1995); (3) 
lowestt  degree of complexity is primitiv e (Biggelaar, 
Dictuss &  van Loon, 1997); (4) low degree of cellular 
specializationn is primitiv e (Rieger, 1986; Robson, 
1985).. The exemplar  method, on the other  hand, 
deducess a ground-plan during a maximum par-
simonyy analysis of a number  of lower-level taxa, 
usingg (multiple) out-groups. This method is the most 
powerfull  and methodologically sound procedure for 
polarizingg character  states (Watrous &  Wheeler, 
1981;;  Maddison, Donoghue &  Maddison, 1984; 
Yeates,, 1995; Wilson, 1996). The intuitiv e and 
exemplarr  methods do not necessarily give the same 
plesiomorphicc character  state reconstructions. 

Strikingly ,, virtuall y all phylum-level analyses 
employy intuitiv e methods for  reconstructing ground-
plans.. This allows a great diversity of ground-plan 
reconstructionss for  some taxa. It must be mentioned 
thatt  for  some phyla (or  groups of phyla) out-groups 

dodo not provide valuable information for  character 
polarizationn because a particular  character  may be 
inapplicablee outside these phyla. For  cladistic 
purposess it is recommended to infer  the ground-
patternn for  a phylum by performing a cladistic 
analysiss within that phylum (Yeates' exemplar 
method).. However, even rigorous and explicit 
methodss using maximum parsimony may lead to 
uncertainn results (Cunningham, Omland &  Oakley, 
1998).. Especially in the case of highly polymorphic 
taxaa such as the arthropods this may be a fun-
damentall  problem. A significant number  of ir -
reconcilablee hypotheses of invertebrate phylogeny 
hingee on differences in the reconstruction of phylum-
levell  ground-plans. For  example, Nielsen (1995, 
1998)) considers a biphasic pelago-benthic life cycle 
withh ciliated larvae ancestral for  Platyhelminthes 
andd Nemertinea. The arguments for  doing so appear 
too be a combination of'  common in the in-group is 
primitive ''  and predictions of the Trochaea Theory. 
Tentativee similarit y between ncmcrtean pilidiu m 
larvaee and polyclad Gotte's larvae served as a basis 
forr  a putative synapomorphy uniting these two 
phylaa as Parenchymia (Nielsen, 1995), In contrast, 
Axx (1995) and Haszprunar  (1996) argue for  a 
monophasicc life cycle with direct development in 
thesee phyla. Larval similarities are considered the 
resultt  of convergence. Table 1 illustrates some 
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Tablee 2. Criteria underlying Haszprunar's (1996) 
charactercharacter weighting decisions 

Highh significance 
Characterss restricted to well-demarcated set of taxa 
(e.g.. collagenous cuticle) 

Characterss that show high degree of structural 
and/orr functional complexity, especially in 
associationn with a similar ontogeny (e.g. septate 
junctionss of epidermal cells, nature of circulatory 
system,, hindgut system, anus) 

Characterss of high complexity with expected great 
conservativenesss (e.g. cerebral ganglion, orthogonal 
nervouss system) 

Mediumm significance 
Structurallyy complex but controversial homology 

(e.g.. setae, protonephridia, mesodermal germ layer) 
Structurallyy complex but may easily evolve (e.g. 
respiratoryy pigments) 

Difficult yy of estimating phylogcnetic significance (e.g. 
gonocoel) ) 

Difficult yy of changing between character states 
unknownn (e.g. spiral quartet cleavage) 

Probabilityy of homology is unknown (e.g. molluscan 
cross) ) 

Out-groupp comparison is equivocal (e.g. cell fate 
duringg cleavage) 

Probabilityy of homology is uncertain and 
plesiomorphicc state is unclear (e.g. anus formation) 

Loww significance 
Highh probability of convergent evolution (e.g. cuticle 
layers) ) 

Observedd polymorphism within a taxon (e.g. 
monociliatee cells, muscle histology and striation, 
asexuall  reproduction) 

Characterss of low complexity (e.g. pedal glands) 
Expectancyy of easy evolutionary change based on 
ontogenyy of character (e.g. position of anus in 
proloslomes) ) 

Uncertaintyy about exact correspondence of repeated 
elementss (e.g. ventral nerve cords) 

Evolutionaryy change appears easy (e.g. podocytes) 
Doubtss about homology (e.g. coelomocytes, larval 
types) ) 

Presentt in taxa excluded from the analysis (e.g. 
teloblasticc segmentation) 

additionall  examples of conflicting ground-pattern 
reconstructions. . 

Wee need to strive for more rigorous and explicit 
ground-patternn reconstructions using maximum 
parsimonyy methods. The great majority of ground-
patternss are inferred through intuitive methods. At 
thee very least a more detailed assessment of the effect 
off  differing ground-pattern reconstructions is necess-

ary.. Performing phylogenetic analyses on data with 
differingg ground-pattern assumptions is effectively 
doingg phylogenetic analyses on different taxa! 

(4)) Character  weight ing 

Characterr weighting in phylogenetic analysis re-
mainss a contentious issue (NefT, 1986; Wheeler, 
1986).. The majority of the published phylogenetic 
analysess of thee invertebrate phyla have been equally 
weightedd analyses. Nielsen et at. (19%) applied an a 
posterioriposteriori weighting scheme (successive weighting) 
basedd on the outcome of an equally weighted 
parsimonyy analysis, to allow a choice among several 
mostt parsimonious trees. As expected (Farris, 1969), 
additionall  resolution was achieved over that of the 
strictt consensus representation of the equally 
weightedd analysis. However, not all additional sister-
groupp relationships in the successively weighted tree 
weree unambiguously supported (see Table 5). 
Moreover,, the weighting scheme introduced a range 
off  weights from 0 to 1000. This makes it difficul t to 
understandd the exact influence each character had 
inn the analysis. 

AA priori  weighting presents additional problems. I t 
iss very difficult to delineate an objective, biologically 
meaningfull  a priori  weighting scheme (Neff, 1986). 
However,, some recent attempts have been made to 
rationalizee the implementation of a priori  weighting. 
Haszprunarr (1996) assigned a weight (low, medium, 
high)) to characters according to the likelihood of 
homologyy of those characters for the taxa analysed. 
Tablee 2 outlines Haszprunar's (1996) motives under-
lyingg his weighting decisions. Although some of these 
criteriaa appear to be founded upon an explicit 
biologicall  basis, there is a grey area (especially 
betweenn characters with low or medium weight) 
wheree a decision concerning a particular weight is 
nott straightforward. Consequently, interpretation of 
thesee characters may differ substantially between 
authors.. Moreover, Haszprunar's (1996) equally 
weightedd analyses do not support all clades evident 
inn the unequally weighted analyses. Emerson & 
Hastingss (1998) argued for down-weighting bio-
logicallyy correlated characters. Similarly, Pleijel 
(1995)) and Rouse & Fauchald (1997) developed 
weightingg strategies to correct for hierarchically 
linkedd characters. The latter showed that phylo-
geneticc hypotheses resulting from equal weighting 
andd unequal weighting can differ. 

Acknowledgingg the existence of differential 
weightingg schemes, it is interesting to compare the 
significancee attached to characters in different 
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Tablee 3. Comparison of differential weighting schemes ofjVielsen et al. (1996) {successive weighting) and Haszprunar 
(1996)) (a prior i weighting) 

Character r 

Haemall  system 
Metanephridia a 
Spirall  cleavage &  4d-mesoderm 
Teloblasticc segmentation 
Collagenouss cuticle 
Larvaee or  adults with downstream 
collectingg system 

Characterr  weight 
rial.,rial.,  199G) 

Low w 
Low w 
Medium/low w 
High h 
Medium/low w 

(Nielsen n 

Loww (high in Nielsen, 1995) ) 

Characterr  weight 
(Ilaszprunar,, 1996) 

High h 
High h 
High h 
Low w 
High h 
Zero o 

studies.. Table 3 illustrates a number  of considerable 
differencess in weighting between the analyses of 
Nielsenn et al. (1996) (after  successive weighting) and 
Haszprunarr  (1996) (after  a priori  weighting). These 
differencess must be acknowledged and assessed for 
theirr  effect and biological significance. 

Equall  weighting has the great merit of inter-
pretationall  clarity . Especially when a priori 
differentia ll  weighting is heavily influenced by per-
sonall  opinion, an equally weighted analysis should 
alwayss be performed as a baseline analysis. All 
assumptionss and criteri a for  differential weighting 
shouldd be clearly and explicitly stated. It is critical to 
bee able to understand what are the exact effects of 
differentt  decisions concerning both the weight and 
ihee exclusion of certain characters. 

(5)) Taxon select ion and level of analysis 

Onee of the most influential steps in any phylogenetic 
analysiss is the selection of proper  in-group and out-
groupp taxa (e.g. see Eibye-Jacobsen &  Nielsen, 
1996;;  Rouse, 1997). This is especially pertinent in 
analysess that deal with only a selection of the animal 
phylaa (Haszprunar, 1996; Rouse &  Fauchald, 1995; 
Wallacee et al., 1996; Wheeler  et at., 1993). Some 
analysess treat more than one phylum only to provide 
multipl ee out-groups for  a monophyletic in-group 
(Carlson,, 1995; Salvini-Plawen &  Steiner, 1996). 
Thee range of possible phylogenetic relationships is 
determinedd by the taxa included. As with characters, 
whatt  you pick is what you get. 

Restrictingg a phylogenetic analysis to a certain 
Linnaeann category, such as the phylum, can be 
problematicc when there is doubt about the 
monophylyy of one of the taxa. Author s can differ 
substantiallyy in their  assessment of the monophyly of 
certainn taxa. We illustrat e this by contrasting the 
approachess of Nielsen and colleagues with those of 

Haszprunarr  (1996). Nielsen et al. (1996) argued a 
prioripriori  that Annelida encompasses Echiura, Pogo-
nophora.. Gnathostomulida, Myzostomida and 
Lobatocerebridae,, and they included Annelida in 
thee analysis as a single taxon. However, the 
supportingg arguments for  this decision, especially in 
thee case of Echiura and Gnathostomulida are far 
fromm convincing (see also Rouse &  Fauchald, 1997; 
Kristenscn,, 1995; Haszprunar, 1996). Also, Nielsen 
etet al. (1996) included the PlatyheIminthes as a single 
taxon.. On the other  hand, Haszprunar  (1996) chose 
too split the annelids and platyhelminths into subtaxa. 
Haszprunar'ss (1996) analysis resulted in one clade 
withh echiurans, clitellates and polychaetes that did 
not,, however, group together  with myzostomids and 
lohatorerebridss (pogonophorans were not con-
sideredd in his study). Moreover, no monophyletic 
Platyhelminthess was recovered. This indicates that 
lumpin gg taxa together  without convincing support-
ivee evidence may obscure possible phylogenetic 
hypotheses.. I t is preferable to break up a taxon into 
subtaxaa to test for  monophyly in cases of doubt. 

I tt  is common knowledge that the choice of the 
out-groupp taxa is crucial for  the proper  resolution of 
phylogeneticc relationships of the in-group taxa (e.g. 
Maddisonn et al., 1984; Watrous &  Wheeler, 1981). 
Improperr  out-group selection can lead to the 
emergencee of incorrect ancestral character  states for 
thee in-group, and this is connected with the problem 
off  grouping taxa on the basis of symplesiomorphies 
orr  shared ancestral characters. Because symplesio-
morphiess arise at a lower  level than that of the taxa 
too be sorted, these characters cannot be used to infer 
phylogeneticc relationships of the terminal taxa. A 
clearr  illustratio n of this is to consider  a derived 
featuree present in all the in-group taxa. Whil e this 
featuree can serve to establish the underlying 
monophylyy of the in-group, it cannot be used to infer 
relationshipss withi n the in-group. It becomes more 
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Tablee 4. Examples of proposed synapomorphies that were exposed as symplesiomorphies in various analyses 

Proposedd synapomorphies Comment t 

Braehiopodaa {Carlson, 1995) 
Sexess always separate 

Musclee fibres both smooth and striated 

Introvert aa (Wallace el al., 1996) 
Cuticlee molted (see also Nielsen, 1995, and 
EhlersWa/.,, 1996) 

Sipunculidaa + Echiura+Annelida (Haszprunar, 
1996) ) 
Metanephridia!!  duct from proper  anlage 

Annelidaa (Haszprunar, 1996) 
Teloblasticc segmentation 

Arthropod aa (Wheeler  ft al., 1993) 
Nephridiaa in, at most, first  four  cephalir  and 
firstfirst  two post-cephalic segments 

Suppressionn of all circular  body wall muscle 
Arthropoda ++ Onvchophora (Wheeler  et al., 

1993) ) 
Noo cilia except in photoreceptor  and sperm 
Elongatedd dorsal gonads 
Developmentt  of ventrolateral appendages 
Reductionn of coclom-hemocoel and circulating 
systemm with dorsal blood vessel with paired 
ostiaa and pericardial sinus 

Ecdysis s 

Symplesiomorphyy (e.g. also in 
Entcropneusta,, Echiura) 

Symplesiomorphyy (e.g. also in Pterobranchia, 
Ectoprocta,, Entcropneusta probably 
Sipunculida)* * 

Symplesiomorphyy (also in Onychophora, 
Arthropoda ,, Tardigrada) 

Symplesiomorphyy (also in Arthropoda, 
Onychophora) ) 

Symplesiomorphyy (also in Arthropoda, 
Onychophora) ) 

Symplesiomorphyy (also in Tardigrada) 

Symplesiomorphyy (also in Tardigrada) 

Synapomorphyy iOnychophora + Tardigrada \ 
Symplesiomorphyy (also in Tardigrada) 
Symplesiomorphyy ialso in Tardigrada) 
Symplesiomorphyy (also in Tardigrada) 

Symplesiomorphyy i.also in Tardigrada) 

**  See Duly et al. (1986), Mukai et al. (1997), Balscr  &  Ruppm 
procts,, entcropneusls and sipunculids, respectively. 

1990)) and Rice 1993) lor  ptcrobranclis, ecto-

problcmati cc when symplesiomorphies are not overtly 
recognized,, because not all the taxa that share that 
characterr  are included in the analysis. We observe 
thatt  a great number  of studies suffer  to various 
extentss from the effects of taxon selection. 

AA particularl y instructiv e example is represented 
byy the treatment of the tardigrades in recent cladistic 
studiess of arthropod relationships. Withi n a short 
periodd three research groups published phylogenetic 
analysess of the arthropods and their  relatives (Budd, 
1993;;  Wheeler  et al., 1993; Wills , Briggs &  Fortcy. 
1994).. They all excluded tardigrades. In subsequent 
analyses,, however, these and other  authors did 
includee the tardigrades (Budd, 1996; Dew-el & 
Dewel,, 1996, 1997; Wheeler, 1997,1998; Will s f/o/., 
1995,, 1998). Strikingly , the tardigrades consistently 
groupedd in close association with lobopods, 
onyciiophoratiss and arthropods. In the majorit y of 
cases,, they occupied an intermediate position be-

tweenn lobopods, onychophorans and arthropods. An 
importan tt  effect of the inclusion of tardigrades in 
thesee analyses was that supposed synapomorphies for 
thee arthropods and the onychophorans-plus-
anhropodss were exposed as symplexiomorphies i.see 
Tablee 4 for  examples). 

Interestingly,, Budd (1997) did not include 
tardigradess in his phylogenetic analysis. He stated 
thatt  'they [tardigrades] proved difficul t to score, 
andd rendered the whole analysis unstable'. Exclusion 
off  a taxon on these grounds is wholly unwarranted. 
Thee effect of tardigrades on the analysis should be 
appreciatedd as constructive conflict. For  a proper 
assessmentt  of the effect of this omission the two 
analysess should be compared. Moreover, as in the 
earlierr  studies, the exclusion of the tardigrades 
introducedd ambiguity for  the interpretatio n of some 
off  the supposed synapomorphies. Xianguang & 
Bergströmm |T997) also did not consider  tardigrades 
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inn their analysis of arthropod phylogeny. They 
dismissedd the tardigrades without argument as 
aschelminths.. We diagnose that the danger of 
groupingg taxa on the basis of symplesiomorphies is 
widespreadd among the analyses that deal with only 
aa set of the animal phyla. Table 4 illustrates some 
additionall  examples. 

Itt is clear from the above that taxon choice is 
extremelyy important because it predetermines the 
taxonomiee level of the analysis. There is no simple 
justificationn for leaving taxa out of an analysis if they 
cann be sensibly scored for any of the included 
characters,, because they may influence the topology 
off  the resulting cladogram. Also, a theoretical 
shortcomingg of the method of maximum parsimony 
iss that cladograms for a given set of taxa can be 
inconsistentt with cladograms constructed with only 
aa subset of taxa (Willson, 1998). Especially in 
molecularr studies the effect of biased taxon sampling 
hass received ample attention, and its dramatic 
efFectss have been clearly indicated (e.g. Lecointre tt 
a/.,, 1993; Eernisse, 1997; Poe, 1998). Morphologists 
needd to be equally cautious. Ideally, the choice of 
taxaa and characters for any partial analysis should 
bee based on an analysis with a larger scope so that 
thee unfounded exclusion of characters or taxa that 
mayy influence the outcome of the analysis is 
prevented.. This all-inclusiveness will also reduce the 
riskk of grouping taxa on the basis of effective 
symplesiomorphies.. In cases where, nonetheless, a 
restrictedd range of taxa is analysed, the potential 
effectt of excluding taxa should be assessed. 

IV .. SOME CONFLICTING HYPOTHESES 

Lett us now examine some conflicting phylogenetic 
hypothesess with regard to the methodological issues 
discussedd above. This will allow an evaluation of the 
relativee merits of the proposed hypotheses. 

(1)) Nielsen (1995) versus Nielsen et al. (1996) 

Thee comparison of Nielsen (1995) and Nielsen tt al. 
(1996)) will especially illustrate the danger of con-
sideringg only a subset of the phyla and characters, 
andd the power of computer-assisted cladistics to 
considerr all taxa and all characters simultaneously. 
Thiss comparison also illustrates the difficulty of 
constructingg a cladistic data matrix derived from an 
essentiallyy narrative treatment of the phylogeny of 
thee phyla, and it will focus attention on the necessity 
off  detailed consideration of characters for the 
constructionn of a cladistic data matrix. 

Nielsenn (1995) proposed a phylogeny of the animal 
phylaa based on a manual cladistic treatment of 
morphologyy and embryology. The different phyla 
andd supraphyletic groups were discussed separately 
andd phylogenetic hypotheses were proposed based 
onn the consideration of restricted sets of phyla and 
characters.. In 1996, Nielsen etal. (1996) published a 
computer-assistedd analysis on the basis of infor-
mationn from Nielsen (1995). Some very interesting 
differencess between the two analyses arc evident, in 
termss of the characters used, and the number of 
supportedd supraphyletic groupings. This 
inconsistencyy emerges from the difficulty in extra-
polatingg phylogenetic arguments built around a few 
taxaa and a few characters to more taxa and more 
characters.. Some of the characters used to build a 
phylogenyy of a few taxa with a few characters cannot 
bee sensibly scored at all when more taxa and more 
characterss are included. Also, some of the useful 
characterss on a small scale prove to be highly 
homoplasticc when extended to a more inclusive 
arrayy of taxa. 

Thee authors state that the computer-assisted 
analysess yield support for the monophyly of 18 of the 
211 supraphyletic taxa proposed in Nielsen (1995). 
Thee clades Aschelminthes, Protornaeozoa and 
Neorenaliaa were not supported. This conclusion was 
basedd on the topology of the single most par-
simoniouss tree that resulted after a filtered and 
weightedd heuristic search. However, we find that not 
alll  clades are unambiguously supported (Table 5). 
Somee of them are only supported by homoplasies, 
reversalss or characters that are inapplicable for some 
in-groupp taxa. The equally weighted analysis of 
Nielsenn tt al. (1996) provides a more conservative 
estimatee of the phylogenetic relationships. 

AA significant number of clades in Nielsen tt al. 
(1996)) are supported by only a few of the characters 
fromm Nielsen (1995) (e.g. Teloblastica, Spiralia, 
Protostomia).. This has two causes. First, a number 
off  characters from the 1995 analysis were not 
includedd in the 1996 analysis. For example, of the 
fourr characters that provided support for the 
Aschelminthess in Nielsen (1995) only one was 
includedd in the analysis of Nielsen tt al. (1996). The 
otherss were excluded because they would have 
causedd 'significant problems of interpretation, intro-
ducingg either homoplasy...or biased inter-
pretations...'' (Nielsen tt al., 1996, p. 393). Second, 
somee characters showed a different behaviour in the 
largerr scale analysis of 1996 (e.g. characters 22, 28). 
Moreover,, some clades present in both analyses were 
supportedd by entirely different characters! For 
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Tablee 5. Comparison qfclade support in Nielsen (1995) and the equally and unequally weighted analyses of Nielsen et 
al.. (1996) 

Taxon n 

.V(I996)) ..V(19%) 
equallyy unequally 

,Y(1995)) weighted weighted 

Aschelminthes s 
Protomaeozoa a 
Ncorcnalia a 
Tcloblastica a 
Parenchymia a 

Protostomia a 
Spiralia a 
Parenchymiaa + Tcloblastica 
Nematoda+Nematomorpha a 
Pterobranchiaa + Echinodermata 
Brachiopodaa + Phoronida 
Chaetognathaa + Rotifera+Acanthocephala 

,, Unambiguous support (at least one unique synapomorphy). 
—,, Not supported (clade absent). 
**  Ambiguous support: based on character  reversal and/or  homoplasy. 

examplee Nematoda + Nematomorpha in the 1995 
analysiss was supported by three synapomorphies. In 
1996,, it was only supported by a completely different 
characterr  that was not only a reversal but also one 
thatt  reversed many times independently on the 
cladogram.. Nielsen it al. (1996) also used spurious 
reasoningg to defend the possible validit y of the clade 
Neorenaliaa by focusing attention on the fact that in 
aa subset of the MPTs in the equally weighted 
analysiss Neorenalia comes out as a clade. None-
theless,, it is not clear  how the frequency of occurrence 
of""  a clade withi n the set of MPTs derived from a 
singlee data set can be considered a measure of its 
supportt  (Wilkinson &  Benton, 1996). 

Thesee examples indicate the very important effects 
off  taxon choice as well as character  choice and 
characterr  definition on phylogenetic analysis. The 
publishedd analyses differ  profoundly in the amount 
off  included information . They particularl y show the 
dangerss of relying too heavily on too few characters 
andd too few taxa. Potential synapomorphies may 
exhibitt  a different behaviour  when more taxa and 
characterss are considered. Presumed stable clades 
cann be deceptive on the level of cladogram topology. 
Veryy different characters may underly these clades. 
Therefore,, it is not very informativ e to compare the 
topologiess of different analyses without going into 
thee details of the characters and taxa responsible for 
thee results. Nevertheless, this is not always part of the 
proceduree in recent analyses (e.g. Brusca &  Brusca, 

1990;;  Eerutsse el at., 1992; Meglitsch &  Schram, 
1991;;  Nielsen el al., 1996). Finally , Nielsen el al. 
(1996)) show that characters that do contradict the 
Trochaeaa Theory can, nonetheless, contribut e to 
resolvingg animal relationships (see also section 
II I . l ) . . 

(2)) Articulat a versus Eutrochozoa 

Lett  us examine a second illustratio n of how 
alternativee hypotheses of relationship are related, 
andd whether  it is possible to formulat e a firm 
conclusionn with regard to the validit y of the 
alternatives. . 

Onee dominant point of discussion in the recent 
literatur ee on invertebrate phylogeny is the relation-
shipp between Mollusca, Annelida and Arthropoda . 
Thee two classic alternative hypotheses for  their 
relationshipss are the Articulat a hypothesis and 
Eutrochozoaa hypothesis (named by Ghiseiin, 1988). 
Thee Articulat a hypothesis comprises the union of the 
Arthropod aa and Annelida exclusive of the Mollusca 
andd as such reflects the relations envisioned by 
Cuvierr  in the early 19th century. The Eutrochozoa 
hypothesiss comprises the union of Mollusca and 
Annelidaa exclusive of the Arthropoda . Thi s hy-
pothesiss approximately coincides with the 
'Trochophor ee Theory' proposed by Hatschek 
(1878)) grouping those taxa with a trochophore 
larvall  stage. Some recent morphological ctadistic 
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Fig.. 3. Original strict consensus representation of the results Rouse &  Fauchald (1995) (A), and the result of our  re-
analysiss f exhaustive search; see Rouse &  Fauchald for  additional variables) of their  data with one change in scoring 
lorr  cuticle composition (cuticle with chilin) in the Mollusca (B). 

analysess focused on this problem and tried to resolve 
thee issue. 

Thee analysis ofEernis.se el al. (1992) using 141 
characterss apparently supported the Eutrochozoa 
hypothesis.. After  incorporatin g a variety of 
publishedd and unpublished criticisms into a new-
analysis,, Eernisse (1997) claimed that the 
Eutrochozoaa hypothesis 'remained robust'. 
Unfortunately ,, neither  Eernisse's (1997) new analy-
sis,, nor  the data on which it was based was published. 
Theree are three purported synapomorphies for  the 
Eutrochozoaa cladc in Eernisse tt aL (1992): 
'prototroch' ,, 'telotroch' , and 'paired excretory 
organss and ducts open externally' . The prototroch 
mayy be the only useful synapomorphy (however, 
Entoproctaa was not included in the analysis but their 
larvaee do possess a prototroch) although some of the 
in-groupp taxa, namely Caudofoveata and Pogono-
phora,, were scored '? ' and Clitellat a actually 
exhibitss a reveraal. The second ('telotroch' ) and 
thir dd ('paired excretory organs and ducts open 
externally' )) Hiaracters are homoplasies, scored as 
presentt  in Phoronida, Rhabditophora, and 
Chordata,, Phoronida, Brachiopoda, Rhabdito-
phora,, Onychophora, Crustacea, Chelicerata and 
Kinorhyncha ,, respectively. Note that the thir d 
characterr  is also prevalent among arthropods! 

Jnn contrast, Rouse &  Fauchald (1995) provided 
supportt  for  the alternative Articulat a hypothesis 
usingg 13 characters iFig- 3A). They found un-
ambiguouss charafter  support from two characters 

forr  the clade with euarthropods, onychophorans, 
annelidss (clitellates and polychaetes as separate 
taxa),, and pogonophorans (including vestimenti-
ferans),, namely 'longitudina l muscles present as 
bands',, and 'segmentation by teloblastic growth' . 
However,, in reanalysing their  data set we found that 
thiss unambiguous support for  Articulat a crucially 
dependss on the scoring of a 'cuticl e with conchin', in 
thee molluscan ground-pattern. This ground-pattern 
reconstructionn results from using data primaril y 
obtainedd from gastropods. However, an alternative 
ground-patternn reconstruction is scoring the molluscs 
uss having a 'cuticl e with chitin '  based on data 
derivedd from aculiferan molluscs (e.g. see 
Haszprunar,, 1996). As an experiment, we adopted 
thiss latter  scoring and reanalysed the data from 
Rousee &  Fauchald (1995). The result (Fig. 3B) 
indicatedd that unambiguous support for  the clade 
Articulat aa disappeared. Only two unambiguous 
cladess remained: (Euarthropoda Onychophora) and 
(Pogonophoraa Vestimentifera). So the 'robust sup-
port **  for  Articulat a in this particular  analysis clearly 
dependss on the coding of that one cuticular 
character. . 

Thee cladistic analysis of Wheeler  et al. (1993) also 
yieldedd apparent support for  the Articulata . How-
ever,, we find that half of their  supposed articulat e 
synapomorphiess may be scored differentl y for 
molluscss (Haszprunar, 1996; Morse &  Reynolds, 
1996;;  Nielsen, 1995), namely 'double ventral so-
maticc nerve cord' , 'dorsal and ventral longitudinal 
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muscles',, 'coelomoducts, their  vestiges and deriva-
tives',, and 'dorsal blood vessel with forward-going 
peristalsis1.. Furthermore, if additional phyla had 
beenn considered, such as Sipunculida, Echiura and 
Nemertinea,, these four  characters would have been 
exposedd as symplesiomorphies at the level of the 
Articulat aa in this analysts. Rouse &  Fauchald (1995) 
criticizedd the remaining synapomorphies. The most 
reliablee of these characters was 'presence of telo-
blasticc segmentation', and this agrees with that 
foundd by Rouse &  Fauchald (1995). Moreover, 
Wheelerr  et al, (1993) incorrectly coded their  charac-
terr  14 on larval stages during ontogeny. Their 
codingg implied homology of the primar y larvae of 
molluscss and annelids and the secondary larvae of 
arthropods.. This is an a priori  denial of a potential 
synapomorphyy (trochophore larvae) for  Annelida 
andd Mollusca. Moreover, this character  was 
misscoredd for  Onychophora. 

Nielsenn (1995) and Nielsen et al. (1996) also 
apparentlyy found support for  the Articulat a hy-
pothesiss (here named Euarticulata). Euarticulata 
(Annelidaa Panarthropoda) was supported by ' telo-
blasticc segmentation*  of the body. This result 
actuallyy depended on the relative high weight 
assignedd to this character. In contrast, the character 
'larvaee or  adult with downstream-collecting ciliary 
bandss of compound cilia on multiciliat e cells'  that 
couldd tri p the balance in favour  of the alternative 
hypothesiss received a very low weight (see also Table 
3}.. Interestingly, the strict consensus tree of the 
equallyy weighted analysis did not show unambiguous 
supportt  for  the Euarticulata. 

Soo just which hypothesis is more robustly 
supported?? Rouse &  Fauchald (1995) and Wheeler 
etet al. (1993) found apparent support for  Articulata . 
However,, character  selection had a prominent effect 
onn these results. Rouse &  Fauchald (1995) did not 
includee larval characters in their  analysis, and the 
particularr  coding strategy of the larval character 
(characterr  14) in Wheeler  etal. (1993) a priori  denied 
possiblee support for  Eutrochozoa. Nielsen et al. 
(19%)) only found support for  Articulat a after 
successivee weighting. In contrast, the character 
supportt  for  Eutrochozoa in Eernisse et al. (1992) is 
weak. . 

Inn conclusion, we feel that conclusive support from 
cladisticc analyses of morphology for  either  one of the 
hypothesess (Articulata , Eutrochozoa) has not yet 
emerged.. Issues of character  choice, character 
coding,, character  weighting, scoring mistakes, re-
constructionn of ancestral states, and taxon choice 
differr  substantially between the different analyses, 

andd prevent any firm  conclusions at this time. 
Furthermore,, we believe that similar  considerations 
cann be extrapolated (o the analyses of the Metazoa 
ass a whole. We need a synthesis that assesses the 
effectss of different decisions that are made during the 
differentt  analyses. Only then will we be able to tell 
whetherr  we have pushed morphological arguments 
too their  limits. 

V.. CONVERGENCE 

AA potentially serious problem for  the reconstruction 
off  phytogenies in general is the phenomenon of 
convergence.. There is no room for  a detailed 
discussionn here, however, a few remarks on methodo-
logicall  issues are in order. 

Inn a series of papers, Willmcr  and colleagues 
contendedd that widespread convergence will frus-
tratee any attempt to arriv e at a phylogeny of the 
animall  phyla on the basis of comparative mor-
phologyy and embryology (Willmer , 1990, 1995; 
Wi!lmer &&  Holland, 1991; Moore &  Willmer , 1997). 
AA mixtur e of arguments is elaborated to show that 
convergencee is something that should be reckoned 
with::  (1) there are various kinds of constraints that 
willl  limi t the pathways to arriv e at, and the nature 
off  some, end points (e.g. a particular  morphology) in 
evolution;;  (2) there may be strong selective forces 
thatt  may lead to convergence; (3) convergence is 
documentedd in case studies. 

Wee feel that the concern about convergence is 
legitimatee and important . Indeed, when conver-
gencee is widespread, phylogenetic methods based 
uponn maximum parsimony criteri a may yield in-
correctt  phylogenetic hypotheses. However, although 
casess where the argument for  the prevalence of 
convergencee is built on the likelihood of the presence 
off  constraints or  strong selective forces (i.e. points 1 
andd 2 above) may be logically compelling, this is 
hardlyy a sound reason for  rejecting a particular 
characterr  from the analysis. However, cases where 
convergencee is actually documented should be 
carefullyy assessed. Interestingly, to document the 
presencee of convergence, a phylogenetic framework 
off  some kind is always needed. Thus, when analyzing 
thee prevalence of convergence, Moore &  Willmcr 
(1997)) argue from within existing phytogenies to 
buildd up their  argument. When this is realized, two 
optionss arise: either  one adopts a passive approach 
towardss morphology, and awaits the fuller  devel-
opmentt  of molecular  analyses and a greater  under-
standingg of the developmental underpinnings of 
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morphologicall  change, or one adopts a more 
pragmaticc approach in which morphological data 
aree used as a tool in order to shed light on the 
phylogenyy of the Metazoa, while openly acknowl-
edgingg and trying to deal with the potential problem. 
Wee prefer the latter. 

VI .. RULES AND STRATEGIES 

Leee & Doughty (1997) recently drew attention to 
thee relationship between evolutionary theory and 
phylogeneticc analysis. They argued that there are 
twoo extreme viewpoints that define the cndpoints of 
aa continuum of approaches for reconstructing phy-
logeny:: the 'pattern-oriented' approach and the 
'process-oriented'' approach. The first approach is 
exemplifiedd by cladistic analyses that involve a 
minimall  number of well-defined assumptions about 
thee evolutionary process. The second approach 
involvess incorporation of a maximum of biological 
informationn and evolutionary principles into phylo-
geneticc reconstruction (e.g. Gutmann, 1981). 
Initially ,, such analyses of pattern and process must 
bee performed separately so as to allow the testing of 
onee analysis in the light of the other. Consilience of 
independentt lines of evidence may then form a more 
robustt argument than any single line of evidence. 

However,, a middle ground also exists with 
approachess that combine elements from both the 
pattern-,, and process-oriented approaches. For 
example,, Christoffersen & Araüjo-de-Almeida 
(1994)) performed a phylogenetic analysis of some of 
thee animal phyla adopting the manual Hennigian 
approach.. This analysis was strongly based on 
evolutionaryy arguments, in particular a 'trans-
formationall  theory' that consisted of the a priori 
adoptionn of extended additive character state trans-
formationn series. Consequently, these a priori  con-
siderationss of evolutionary processes strongly pressed 
theirr mark on the final result of the analysis. The 
strengthh of the cladistic method is to recover patterns 
off  character distribution among taxa, and detailed 
assumptionss about character transformations (which 
aree often highly speculative, and based solely on the 
'plausibility'' of the assumptions) will interfere with 
thiss strength, and direct the outcome of the analysis 
alongg a linear pathway consistent with these a priori 
assumptions.. This introduces circularity into the 
procedure,, because the resulting cladogram topology 
wil ll  always be dictated by, and consistent with the 
processs assumptions introduced into the analysis. 
Thus,, although such detailed a priori  considerations 

off  evolutionary processes may indeed be valuable for 
tryingg to understand the course of evolution, they 
shouldd initially be kept separate from a cladistic 
analysis. . 

Somee critics regard cladistic methods as invalid 
forr elucidating phylogenetic relationships. For 
example,, Delle Cave, Insom & Simonetta (1998) 
andd Fryer (1996) deplore the lack of consideration of 
mechanismss of evolutionary change and functional 
continuityy in cladistics. Indeed, without compelling 
evidencee these considerations impede the efficiency 
off  cladistics. On the other hand, Kukalova-Peck 
(1997)) and Willmer (1995) argue against the rigour 
off  cladistics by claiming that the characters used are 
veryy unclear. This is not a specific shortcoming of 
cladisticc procedures, but of any procedure that deals 
withh morphological data. Moreover, they conflate 
thee methodological rigour of cladistics and the 
assessmentt of primary homology of the characters. 
Ass our evaluation has shown, primary character 
assessmentt deserves increased attention. 

VII .. CONCLUSIONS 

Conwayy Morris (1993) stated with regard to the 
'game'' of reconstructing the phylogeny of the 
Metazoaa that 'the strategic implications of such 
ruless as may exist have not been fully worked out'. 
Wee totally agree and believe it is time to consider the 
'ruless of the game', and to lay out some guidelines 
thatt may allow more rigorous conclusions to be 
drawnn from cladistic analyses of the animal phyla. 

(1)) One should cover as broad a range of organismat 
variationvariation as possible. Because the resulting topology of 
eachh phylogenetic analysis is heavily dependent 
uponn the amount of information used for its 
construction,, including the maximum amount of 
informationn in the analysis circumvents the problem 
off  biasing the outcome of the analysis due to selective 
dataa input. In this regard, more is definitely better. 

(2)) Characters must always be very carefully defined. A 
corollaryy to this is that the use and/or non-use of 
particularr taxa should be justified. 

(3)) Employing a range of alternative coding strategies is 
preferablepreferable over using only one option. This is necessary in 
orderr to assess the stability of the hypothesized 
relationships.. This effectively implies that phylo-
geneticc studies become more 'experimental'. There 
iss that old dictum of computer analysts: 'garbage in, 
garbagee out'. Certainly, just as chemists must be 
everr vigilant concerning the purity of their reagents, 
andd physicists mindful of the calibration of their 
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instruments,, phylogcncticists need to be knowl-
edgeablee about the data going into their  programs. 

(4)) The effects of different ancestral-stale or ground-
patternpattern reconstructions should be assessed as secondary 
derivatives.derivatives. This is a problem of particular  importance 
forr  higher  level phylogeny and rather  a fine point of 
distinction.. The ancestral character  states of a higher 
taxonn are inferred through consideration of the 
phylogenetkk relationships of its members, and these 
aree not necessarily obvious from the array of data 
thatt  wil l produce a series of cladograms. 

(5)) When differential weighting is used, it should always 
bebe accompanied by an equally weighted analysis. There is 
usuallyy not enough biological support to favour 
adoptionn of one differential weighting scheme over 
another.. Given this, equal weighting is preferable for 
itss interpretational clarity . An equally weighted 
analysiss is useful for  evaluating the relative merits of 
differentt  differential weighting schemes, and it in 
effectt  operates as a base-line calibration. Lik e 
parsimonyy itself, it is not a path to truth , only a 
logicall  first  step to establish a minimum level of 
assumptionss about pattern upon which later 
scenarioss about process can be deduced. 

(6)) Selection of of the in-group and out-group taxa should he 
approachedapproached with special care. This is especially pertinent 
too studies that deal with a subset of the higher  taxa. 
Unwarrantedd exclusion or  uncritical selection of 
taxaa may mask symplesiomorphies as synapo-
morphies.. Moreover, the maximum parsimony tree 
off  a set of all taxa may not correspond to the 
maximumm parsimony tree of a subset of these taxa. 
Consequently,, we believe analyses of the whole wil l 
havee to precede any meaningful analyses of subsets, 
iff  only to provide some kind of logical framework 
uponn which to assess results. 

(7)) The results of every analysis should be discussed in 
termsterms of the characters thai support the topology. Simply 
claimingg that a topology agrees with some previously 
publishedd topologies is of very limited value. Simi-
larit yy of topologies may conceal the fact that some 
cladess are only supported by homoplasies or  reversals 
inn one case, and tru e unique synapomorphies in 
another.. Similarly , analyses of constraint are only 
usefull  when discussed in terms of actual characters. 
Simplyy concluding that topologies differ  from the 
mostt  parsimonious topology in a certain number  of 
evolutionaryy steps is self-evident and uninformativ e 
sincee there is no obvious and biologically meaningful 
statisticall  criterio n by which to evaluate the signifi-
cancee of extra evolutionary steps. 

:8)) In the absence of convincing data, assumption of 
convergenceconvergence of a character should not lead to a prior i 

exclusionexclusion of that character from the analysis. Despite 
shortcomingss of the cladistic method in dealing with 
thee possibility of widespread convergence, there is no 
well-definedd alternative for  dealing with conver-
gence,, so that it is preferable to include the character 
inn the analysis and assess its worth through the 
methodd of character  congruence. Conclusions about 
convergencee should and must only derive from the 
analysiss of pattern. Convergences are a result of 
evolution,, not a sine qua non. 

(9)) A cladistic analysis will  only be maximally effective 
whenwhen extensive assumptions about the evolutionary evolutionary process are 
keptkept separate. Elaborate assumptions about evolution-
aryy transformations wil l introduce circularit y into 
thee cladistic analysis. We believe that there is stilt 
greatt  value in the dictum that cladograms are 
effectivelyy first-order  derivatives of the data, phylo-
gencticc trees proceed from there, and evolutionary 
scenarioss emerge only at a tertiar y level of derivation 
(e.g.. Eldredge &  Tattersall, 1975; Smith, 1994). 
Alternatively ,, cladogram construction should pro-
ceedd independently of the construction of complex 
evolutionaryy scenarios so that each can be tested in 
thee light of the other  (Lee &  Doughty, 1997}. 

(10)) Analysis of data quality and quantitative assessment 
ofof tree robustness will  help to better evaluate the strength of 
differentdifferent hypotheses. This includes performin g decay 
studies,, bootstrap analyses and various data-
randomizationn tests (e.g. Archie, 1989). 

Wee feel that the recent cladistic analyses of the 
Metazoaa are very valuable from a heuristic point of 
view.. They have been useful in pointing out the 
relativee worth of different phylogenetic hypotheses 
proposedd durin g the long history of the subject. 
However,, for  maximizing the heuristic value of 
cladisticc analyses of the animal phyla, a greater 
attentionn to various methodological issues is needed. 
Thee results of each analysis are heavily dependent on 
thee particular  data matri x used. Nevertheless, 
insufficientt  attention has been devoted to making 
explicitt  the decisions underlying its construction. We 
believee that following the guidelines discussed above 
iss absolutely necessary for  assessing the relative merit 
off  different cladistic studies. It wil l also increase the 
comparabilit yy of the different studies. Wit h so few 
uniquee synapomorphies for  supraphyletic groups, 
thee method for  organizing the available informatio n 
iss crucial. The issues and examples discussed in this 
paperr  were not raised to serve as points of criticism 
forr  particular  strategies taken by different authors. 
However,, we did diagnose important discrepancies 
betweenn different studies. These discrepancies have 
ledd us to evaluate issues that relate to methodology 
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andd not to criticize individual methods. These issues 
off  methodology must be more fully appreciated if wc 
wantt to be able to draw sensible conclusions about 
thee phylogeny of the animal phyla. 

Inn 1990, the late Colin Patterson stated that 'all 
thee morphological clues ha[ve] been pushed beyond 
theirr limits...'. However, this was before the first 
computer-assistedd cladistic analyses of metazoan 
morphologyy of a large scope were published. We feel 
itt is too early to draw the same conclusion with 
respectt to the cladistic analyses of the animal phyla. 
Thee recent cladistic treatments differ in too many 
respectss to be able to conclude now that we have 
exploredd all possibilities. It is therefore also too soon 
too proclaim that except for one's own view '[N]o 
sufficientlyy documented alternatives have been 
found'.. (Nielsen, 1997A). 

Moreover,, we have barely started to pull together 
dataa from different fields. Paleontology is yielding 
veryy interesting insights into the early evolution of 
thee Metazoa. Here again, different approaches are 
takenn to shed light on the phylogeny of the 
metazoans,, such as cladistic analyses (e.g. Schram, 
1991;; Waggoner, 1996), approaches centred on 
extensivee consideration of evolutionary processes 
(e.g.. Conway Morris & Peel, 1995), and more 
intuitivee approaches that consist of sticking fossil 
formss into a molecular phylogeny (e.g. Conway 
Morris,, 1993, 1994; Valentine, 1992). The field of 
evolutionaryy developmental biology also holds great 
promisee for resolving phylogenetic questions. De-
velopmentall  genetics can function as a source of 
phylogeneticc information per se, be used to shed light 
onn the nature of morphological characters, and can 
functionn to define possible pathways of evolutionary 
changee (see, for example, Abouhcif, 1997; 
Panganibann et al.t 1997; Gcrhart & Kirschner, 1997; 
Holland,, 1996; Raff, 1996). Integration of these 
diversee fields is a complex and challenging task. For 
uss morphologists, cleaning up our act is only the 
logicall  first step in this procedure. If done properly, 
wee may hope for a future consensus through a 
consiliencee of these different lines of evidence. The 
gamee is still in full play. 

VIII .. SUMMARY 

(1)) Special care must be taken in the selection of in-
groupp and out-group taxa during phylogenetic 
analysess of a set of the animal phyla. This will reduce 
thee risk of grouping taxa on the basis of 
symplesiomorphiess or homoplasies. 

(2)) A comprehensive set of characters should be 
consideredd simultaneously to avoid character selec-
tionn bias. The effect of different primary homology 
statementss should be assessed. 

(3)) Cladistic analyses of the animal phyla should 
becomee more experimental with increased attention 
too effects of character coding, character weighting, 
andd ground-pattern reconstruction. 

(4)) Corresponding cladogram topologies should 
bee evaluated in terms of their supporting characters. 

(5)) In thee absence of convincing data, assumption 
off  convergence of a character should not lead to a 
prioripriori  exclusion of that character from the analysis. 

(6)) Extensive assumptions of evolutionary pro-
cessess should be kept out of cladistic analyses. 
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