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METAZOA NN PHYLOGENY AND MACROEVOLUTIO N OF ANIMA L BODY 
PLANS S 

Thiss thesis is a critical survey of recent attempts to reconstruct the 
evolutionaryy branching pattern (phylogeny) of the animal kingdom 
(Metazoa),, and to understand the evolutionary assembly and 
divergencee of animal body plans. This research is fundamentally the 
domainn of comparisons between species and higher  taxa, i.e. the realm 
off  macroevolution, in terms of the sets of characters that primitivel y 
characterizee these taxa, i.e. their  body plans. Interest in the large scale 
patternss of animal evolution is certainly not a recent development. In 
fact,, it is fascinating to realize that rather  than Darwin' s theory of 
naturall  selection, it was Darwin' s theory of common descent that had 
thee greatest impact upon the biology of his time (Mayr, 1988; Bowler, 
1996).. This contrasts rather  sharply with traditional historiography that 
camee to conceptualize the Darwinian revolution in almost strict 
referencee to debates about the mechanisms of evolution, in particular 
thee theory of natural selection. In contrast, in the period immediately 
followingg the publication of The origin of species, attempts to reconstruct 
life'ss ancestry became the most popular  research program in biology 
(Mayr ,, 1988; Bowler, 1996), initiall y flowering under  the name 
'evolutionaryy morphology' (Nyhart, 1995). For  the first evolutionary 
biologistss an interest in the processes of evolution appears to have been 
subsidiaryy to their  chief focus on the reconstruction of the branching 
patternn of evolution, including the major  branching points within the 
Metazoa. . 

Interestt  in the reconstruction of the deep history of the Metazoa 
hass never  ceased since the early efforts in the 19th century, although at 
timess it became a less visible part of zoology, notably with the rise of an 
experimentall  approach to biology at the end of the 19th century. 
However,, I cannot even begin to do justice to this large and fascinating 
historyy here. Instead, this thesis criticall y examines the progress that the 
pastt  decade of research has yielded in understanding the phylogeny of 
thee Metazoa and the macroevolution of animal body plans. 

Thee development during the last decade of computer-assisted 
cladisticc methods to extract phylogenetic signal from diverse molecular 
andd morphological data sets has led to an exciting resurgence of interest 
inn the deep history of the animal kingdom. Further  exciting 
developmentss in the fields of paleontology, and in particular  molecular 
developmentall  biology strengthen our  current fascination with the 
reconstructionn of the deep metazoan past. 

Thee widespread enthusiastic embrace of computer-assisted 
cladisticc methods quickly led to a densely grown phylogenetic garden 
off  the Metazoa, that continues to be rapidly planted with novel trees. 
Forr  example, during the first two years of the new millennium no less 
thann five comprehensive cladistic analyses of the Metazoa have been 
publishedd based upon both molecular  sequence and morphological 
data.. Chapter  2 provides a brief review of current progress in metazoan 
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cladistics.. By keeping technical discussions to a bare minimum, this 
chapterr  is intended to enable non-specialist readers to develop some 
appreciationn of our  current state of understanding. 

AA hypothesis for  the pattern of relationships between the major 
animall  taxa is a first prerequisite for  tackling any question about the 
evolutionn of animal design. The accumulation of metazoan phylogenies 
durin gg the last decade opened up the welcome possibility to use 
phylogeniess as interpretational frameworks for  studying body plan 
evolution.. Molecular  phylogenies in particular  quickly became a 
favoredd tool to assist in this quest. However, in their  eager  embrace of 
thesee phylogenetic frameworks, many workers overlooked two major 
shortcomingss of many of these phylogenies: their  incompleteness and 
theirr  lack of resolution. Part 1 of this thesis, on using phylogenies, 
addressess these important issues. Chapters 3 and 4 investigate how the 
conclusionss of several recent studies of animal body plan evolution 
havee been severely weakened by a failur e to recognize these 
shortcomings. . 

Givenn the abundance of alternative phylogenies of the Metazoa 
proposedd during the last decade, the obvious question presents itself 
whichh hypotheses merit cultivation, and which merit pruning or 
weeding.. By focusing on morphological cladistic analyses, part 2 of this 
thesis,, on choosing phylogenies, attempts to evaluate our  current 
progresss in this field. Both theoretical and empirical studies published 
duringg the last decade have focused almost exclusively on how to distill 
phylogeneticc signal from a given morphological data matrix. Much less 
attentionn has been directed towards evaluating the relative merits of the 
manyy different phylogenetic hypotheses that have resulted from these 
studies.. Chapters 5 through 9 are the first explicit attempts to reconcile 
thee results of the many different morphological cladistic hypotheses 
publishedd over  the last decade. 

Chapterr  5 compares recent morphological cladistic analyses in 
termss of how their  data matrices are constructed, and outlines several 
guideliness that may help more rigorous conclusions to be drawn from 
cladisticc analyses of metazoan morphology. 

Chapterr  6 provides a brief review of the recent flux of ideas about 
higher-levell  arthropod phylogeny that has largely been triggered by the 
discoveryy of molecular  and morphological evidence in support of a 
closee affinit y of hexapods (« insects) and crustaceans, which contrasts 
withh previously widely held views uniting crustaceans and chelicerates 
onn the one hand, and hexapods and myriapods on the other. 

Chapterr  7 points to the dangers of naively using morphological 
dataa sets previously compiled by different workers for  new 
phylogeneticc analyses, which is not an uncommon procedure in 
metazoann cladistics. This chapter  specifically addresses several 
importantt  shortcomings of the widely cited and most extensive 
morphologicall  data matrix compiled to date, and how uncritical 
recyclingg of this data set has had a negative impact upon the reliabilit y 
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off  the results of a recent comprehensive cladistic analysis of the 
Bilateria. . 

Chapterr  8 presents the first attempt to comprehensively evaluate 
alll  alternative sister  group hypotheses for  the 'acoelomate' worms 
(Platyhelminthes,, Nemertea, Gnathostomulida), that have recently been 
proposedd on the basis of morphological cladistic analyses. 

Chapterr  9 discusses three case studies to analyze whether  recent 
cladisticc studies have fully exploited the unique strength of cladistics to 
testt  the relative merit of competing hypotheses of character  evolution 
andd phylogenetic relationships within the Metazoa. 

Chapterr  10 provides a general discussion of the findings 
presentedd in this thesis, and I speculate about a common explanation 
rootedd in an aspect of human mental functioning for  the problems that I 
identifiedd in both our  current practices to use cladistics to test 
phylogeneticc hypotheses, as well as the use of these phylogenies to 
understandd the macroevolution of animal body plans. 
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