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assessing the impact of fossils
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The origins of the animal phyla took place in the oceans in the late Neoproterozoic and early 
Cambrian, with subsequent colonization of land occurring independently in only a few groups later 
in the Palaeozoic.  Onychophora, commonly known as velvet worms, represents a small invertebrate 
lineage of paired appendage-bearing animals that, along with arthropods and tardigrades, form the 
megadiverse Panarthropoda (Nielsen 2012).  With fewer than 200 species described, it is the only 
animal phylum that is entirely terrestrial throughout life (Murienne et al. 2014).  Onychophorans 
mostly inhabit the soils of tropical forests, have limited dispersal ability, and are divided into two 
extant families with non-overlapping geographical distributions, Peripatidae and Peripatopsidae 
(Oliveira et al. 2012).  Peripatopsidae show a circumaustral distribution, being found on the 
southern landmasses that once surrounded Antarctica in temperate Gondwana (Chile, South Africa, 
Australia, New Zealand and New Guinea), and Peripatidae show a disjointed distribution, with most 
of the diversity in the equatorial Neotropical regions and a few species described in tropical Africa 
and southeast Asia (former meridional Gondwana and part of Laurasia) (Monge-Najera 1995).

Their present biogeographic distribution differs considerably from the rich diversity of 
onychophoran-like organisms (lobopodians) found in marine early Palaeozoic Lagerstätte, which 
occur globally (Ortega-Hernández 2015).  The lobopodians of the early Palaeozoic constitute a 
polyphyletic assemblage of panarthropods, many of which have disputed systematic positions.  
However, recent phylogenetic studies have provided much clarity and have begun to unravel the 
specific affinities of these diverse fossils (Smith and Ortega-Hernández 2014; Yang et al. 2015, 
Caron and Aria 2017).  Furthermore, more recent lobododian-like organisms have been described 
from the Herefordshire (Silurian) and Mazon Creek (Carboniferous) Lagerstätten.  The most recent 
terrestrial fossil extends to the Carboniferous (Garwood et al. 2016), while the oldest unambiguous 
crown-group taxon is found in Burmese amber ~100 Ma (de Sena Oliveira 2016).  Both of these 
fossil occurrences suggest a relatively late origin and terrestrialization for the group compared to the 
Palaeozoic origins of other major terrestrial arthropod groups.

Previous studies have dated the origin of onychophorans using node dating molecular clocks, 
although often only as a part of broader studies.  These have retrieved ages ranging from Devonian 
(Rota-Stabelli et al. 2013; Murienne et al. 2014) to Carboniferous-to-Permian for the crown 
onychophoran divergence (Giribet et al. 2018).  For fitting fossil species in the tree of life, we need 
to understand the relationship of these extinct animals with those alive today.  No study has yet 
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specifically addressed velvet worm evolutionary history by integrating morphological data of extant 
and extinct taxa combined with molecular data into a single analysis under the recently developed 
total-evidence approaches.

Here we approach the question of Onychophora origin using this methodology that allows us to 
incorporate all available data in a single analysis and estimate the phylogenetic affinities and 
divergence times of extant and extinct taxa.  We have photographed and characterized specimens 
from almost all the different species (~45 species) present in the rich collection of extant 
onychophorans at the Natural History Museum, London (NHM) (Figure 1).  In order to assess the 
phylogenetic affinities of fossil taxa relative to the extant group, we built a morphological matrix 
including extant onychophoran lineages and combined with an already available matrix for most 
of the Palaeozoic lobopodians together with putative stem and crown group onychophoran fossils, 
including 46 taxa and 86 characters (Yang et al. 2015, Murdock et al. 2016).  Lastly, we surveyed 
genetic public repositories and downloaded all onychophoran genetic data available, as well as for 
several outgroups, to build a molecular matrix to be combined with the morphological one.  We 
used four molecular markers, the nuclear small ribosomal subunit (18S rRNA), fragments of both 
the mitochondrial 12S rRNA and 16rRNA, and a fragment of the mitochondrial cytochrome c oxidase 
subunit I, with an alignment containing 5,003 sites.  Based on a previous molecular analysis and 
maximizing the use of monotypic genera, we selected those 37 living species that better encompass 
higher levels of molecular diversity of the group.

Figure 1.  Plate depicting several pictures of  Peripatoides novaezelandiae.  A) head dorsal, B) head 
ventral, C) legs and D) terminal anus.
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With the combined matrix set including morphological data from living and fossil taxa, the fossil ages 
and the molecular data of the living taxa, we have performed a tip-dating analysis using MrBayes.  
Analysis of this combined matrix of living and fossil taxa retrieved a dated timetree in congruence 
with current consensus, retrieving reciprocal monophyly of the families Peratopsiade and Peripatidae, 
as in previous phylogenetic analyses (Murienne et al. 2014, Giribet et al. 2018) (Figure 2).  The affinities 
for some of the onychophoran stem and crown groups have not been fully resolved due to the scarcity 
of morphological characters.  The age for the origin of crown group onychophoran, considering 
Helenodora, and hence terrestrialization of the group, is inferred to have happened at 334 Ma 
(306–402 Ma, 95 % highest posterior density interval), during the Carboniferous, although allowing 
the possibility of a Devonian origin.  These ages are in general agreement with previous studies using 
node-dating calibration, which suggest that both families split predating the break-up of Pangaea.
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Figure 2.  Tip-calibrated phylogeny including living and fossil panarthropods.  The support values 
of  those nodes with bootstrap < 0.90 are shown.  Blue bars show the 95 % highest posterior density 
interval in main onychophoran lineages.

Ongoing research is focused on reanalysing extant samples using micro-CT scanning to obtain 
finer morphological details, increase the number of characters scored, and to include more recent 
lobopodians in the final dataset.  We were granted permits by the NHM to perform tissue dissections 
and posterior DNA extractions of eight different species, with which we plan to do whole genome 
sequencing, from species that are key to resolving some of the most controversial splits in the 
onychophoran phylogeny.
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