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Summary y 

Halichondridaa is a pivotal order in demosponge systematics as its classification is directly influenced 
byy the recent changes in demosponge classification. In the middle of the last century families of the 
orderr were divided over two subclasses which were based on reproductive and assumed reproductive 
data.. Subsequent morphological and biochemical analyses postulated their re-mergence. Nevertheless, 
comprehensivee phylogenetic analyses on the monophyly of the order and its families are lacking, 
mainlyy due to the paucity of suitable morphological, phylogenetically informative characters. 

Thiss thesis compiles the recent search for new phylogenetic markers to resolve both intra-
andd inter-ordinal phylogenetic relationships of this order. Development of new DNA markers is 
moree challenging than for other metazoan groups due to the relatively poor knowledge of sponge 
molecularr genetics and their PCR-inhibiting metabolite composition. Additionally, the prevalence 
andd high abundance of sponge associates (symbionts, commensals, parasites) enhances the chance 
off contamination which make special measurements for taxonomie validation necessary. Gene trees 
off three independent DNA markers were erected, in order to obtain objective views on halichondrid 
phylogeny.. Two of these markers, fragments of the mitochondrial cytochrome oxidase subunit 1, and 
thee nuclear elongation factor-1 alpha, were developed and characterized for demosponge systematics. 
Togetherr with data of the nuclear large ribosomal subunit (28SrDNA) the results were compared, 
combinedd and discussed, together with a morphological reconstruction at the genus and family levels. 
Additionally,, information on chemical compounds was compiled and analyzed as to its suitability as 
potentiall phylogenetic markers for Halichondrida. 

Chapterr 1 provides an overview of the problems and pitfalls of (demo)sponge systematics 
andd a summary of the currently accepted phylogeny, focussing on the order Halichondrida. Embedded 
inn the history of demosponge systematics this chapter demonstrates the importance of halichondrid 
phylogenyy within the currentt system. It is also an extended introduction for chapter 8. 

Chapterr 2 reveals the differences of a 28SrDNA fragment within the order Haplosclerida, 
comparedd to that of other demosponge orders. 28SrDNA is frequently used in demosponge 
systematicss but its gene trees, especially of Haplosclerida, are frequently highly incongruent with the 
currentt systematics based on other criteria. Chapter 2 shows that there are structural differences and 
aa higher substitution rate in the order Haplosclerida, which questions the suitability of 28SrDNA for 
haploscleridd phylogeny in particular, and Demospongiae in general. 

Chapterr 3 undertakes a phylogenetic reconstruction of a larger halichondrid data set based 
onn the 28SrDNA fragment. It shows that Halichondriidae (Halichondrida) clusters with Suberitidae 
(Hadromerida)) with the exception of the genus Axinyssa, resulting in a paraphyletic assemblage of 
thee order. Furthermore, Agelasida clusters with the halichondrids as suggested byy previous 28SrDNA 
analysess and biochemical data. The family Dictyonellidae is polyphyletic and a monophyletic 
assemblagee of the other families cannot be supported. 

Chapterr 4 characterizes the cytochrome oxidase 1 (COl) as a mitochondrial marker for 
demospongee phylogenies. Methods to distinguish between sponge DNA and sequences of its 
endosymbioticc sponge associates are discussed. The COl gene tree is compared with a gene tree of 
bacteriall associates and the congruent patterns are discussed in the light of potential co-evolution. 

Chapterr 5 employs the COl marker for lower taxonomie level systematics. Halichondria 
paniceapanicea and Halichondria bowerbanki are valid species occurring in the NE Atlantic. Their COl 
sequencess were compared with Halichondria cf. panicea from the Alaskan Pacific. The gene 
treee revealed a closer relationship between the Atlantic Halichondria panicea to Halichondria 
bowerbankibowerbanki than to the Alaskan Halichondria cf. panicea, and demonstrates the need of a revision of 
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thee Halichondria species complex. 
Inn Chapter 6 a COl gene tree on halichondrids is reconstructed and compared with the 

28SrDNAA gene tree developed in chapter 3. These trees are mostly incongruent In the COl tree 
aa close relationship between Halichondriidae and Suberitidae is not supported, and furthermore 
AxinyssaAxinyssa clusters with Halichondriidae. Both trees, however, agree in the polyphyly of Dictyonellidae 
andd a position of the Agelasidae within the order Halichondrida. 

Chapterr 7 characterizes a fragment of the nuclear elongation factor-1 alpha. The phylogenetic 
signall is not strong enough for a supported phylogeny due to die high ratio of ambiguously alignable 
intronn positions in the fragment. The phylogenetic signal is visualized and discussed with the 
Likelihoodd Mapping method. The elongation factor fragment supports the placement of Agelasida 
widii the Halichondrida, and a derived position of "keratose sponges" (i.e., sponges with a spongin-
insteadd of a mineral skeleton) in demosponge systematics. 

Inn Chapter 8 all molecular data sets are combined in several supermatrices and the resultant 
phylogeneticc trees are discussed. The three data sets bear heterogeneous phylogenetic signals and their 
resultingg trees are incongruent. It leads to the conclusion that the age of halichondrids is probably higher 
thann resolvable with the COl and 28SrDNA data. Three morphological matrices are reconstructed: (a) 
forr the samples analyzed, (b) for all halichondrid type species, and (c) for all demosponge families. 
Basedd on these analyses it is concluded that a comprehensive cladistic morphological systematics 
iss not possible, because the importance of a given character state cannot be considered as uniform 
amongg the taxa (i.e., relative or apparent homologies). Analysis at the family level indicates that 
differentt interpretation (weighting) of the characters can produce different trees in a character-poor 
groupp such as the demosponges. A survey of biochemical data revealed potential synapomorphies 
forr (Halichondriiae + Axinellidae + Dictyonellidae), (Agelasidae + Axinellidae), Desmoxyidae, 
Agelasidae,, Axinella spp. and Myrmekioderma. Biochemical data extracted from the literature are not 
suitablee as an independent third data set because it cannot be assessed unambiguously whether: (a) 
aa compound is present or absent in sponges, (b) a compound is of sponge or symbiont origin and (c) 
thee biosynthetic pathways are homologous. The inclusion of Agelasida in Halichondrida is proposed 
onn the basis of molecular, morphological and biochemical data. Furthermore, there is no indication 
forr any close relationship of hadromerid taxa with Halichondrida other than from 28SrDNA data. The 
cladee including the families Halichondriidae and Desmoxyidae is supported, which was not the case 
forr Axinellidae. Dictyonellidae is a polyphyletic assemblage of genera. 

Inn conclusion, molecular phylogenetics in sponges can compensate both for the pitfalls of 
morphologicall systematics and for the disadvantages of biochemical systematics, but it requires the 
comparisonn of multiple independent gene trees. 
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