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            Abstract
Exceptional preservation of soft-bodied Cambrian chordates provides our only direct information on the origin of vertebrates1,2. Fossil chordates from this interval offer crucial insights into how the distinctive body plan of vertebrates evolved, but reading this pre-biomineralization fossil record is fraught with difficulties, leading to controversial and contradictory interpretations3,4. The cause of these difficulties is taphonomic: we lack data on when and how important characters change as they decompose, resulting in a lack of constraint on anatomical interpretation and a failure to distinguish phylogenetic absence of characters from loss through decay3. Here we show, from experimental decay of amphioxus and ammocoetes, that loss of chordate characters during decay is non-random: the more phylogenetically informative are the most labile, whereas plesiomorphic characters are decay resistant. The taphonomic loss of synapomorphies and relatively higher preservation potential of chordate plesiomorphies will thus result in bias towards wrongly placing fossils on the chordate stem. Application of these data to Cathaymyrus (Cambrian period of China) and Metaspriggina (Cambrian period of Canada) highlights the difficulties: these fossils cannot be placed reliably in the chordate or vertebrate stem because they could represent the decayed remains of any non-biomineralized, total-group chordate. Preliminary data suggest that this decay filter also affects other groups of organisms and that â€˜stem-ward slippageâ€™ may be a widespread but currently unrecognized bias in our understanding of the early evolution of a number of phyla.
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                    Figure 1: 
                        Phylogeny and anatomy of chordates.
                      [image: ]


Figure 2: 
                        Results of experimental decay.
                      [image: ]


Figure 3: 
                        Morphological decay stages of 
                        Branchiostoma
                         (left) and larval 
                        Lampetra
                         (right) and the phylogenetic position of each stage if interpreted as a fossil.
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        Editorial Summary
A hard look at soft fossils
Our knowledge of the earliest stages in the evolution of the vertebrates is limited to what can be gleaned from fossils left by the early chordates. And as these animals were soft bodied and lacked bones and shells, the record is sparse and is dominated by relatively few exceptionally preserved specimens. The interpretation of such fossils is fraught with difficulty. Now, as if that were not sufficient, a study of the decay of modern specimens of amphioxus and ammocoetes (larval lampreys), the nearest living relatives of the early soft-bodied chordates, suggests that the loss of typically chordate characteristics during decay is non-random, and that it is the more phylogenetically informative characters that are lost most easily. Such vagaries, firmed up in the fossil record, may result in bias towards wrongly placing fossils on the chordate stem. If this decay bias is widespread, many important evolutionary episodes that are understood from the fossil record of exceptionally preserved soft-tissue remains will need careful reassessment.
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