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SUPPLEMENTARY INFORMATION: A mid-Cambrian tunicate and the deep origin of the 

ascidiacean body plan 

 

Taxon General description Age Reference 

Ausia fenestrata Internal cast of a pliable, sac-shaped organism, with perforations that may be 

similar to the pharyngeal basket of tunicates. 

Vendian Fedonkin et al. 2012 

Burykhia hunti Internal cast of a pliable, sac-shaped organism, with perforations that may be 

similar to the pharyngeal basket of tunicates. 

Vendian Fedonkin et al. 2012 

Shankouclava 

anningense 

Sac-like body with a stalk and single, presumably oral siphon. Perforated 

branchial basket; possible atrial pore and endostyle. 

Cambrian 

(Stage 3) 

Chen et al. 2003 

Megasiphon 

thylakos nov. 

Sac-like, unstalked body with paired siphons and a large atrial cavity. 

Prominent longitudinal muscles, thinner transverse muscles. 

Cambrian 

(Drumian) 

Current study 

Khmeria spp. Cone-shaped or club-like, with growth lines, an operculum, and a calcareous 

exoskeleton. 

Triassic Wendt 2018 

Zardinosoma spp. Club-like or globose, with multiple opercula and a calcareous exoskeleton. Triassic Wendt 2018 

Didemnid spicules Eight morphotypes of spicules belonging to the tunicate family Didemnidae, 

roughly spherical with most having spikes. 

Triassic 

(Carnian) to 

Quaternary 

(Pleistocene) 

Varol & Houghton, 

1996; Łukowiak et al. 

2016 and references 

therein 

 

Supplemental table 1. Index of published fossil tunicates. Although tunicates have been reported in the 

literature, their fossils are extremely rare. Most putative fossil tunicates are either incompletely preserved 

(e.g. isolated biomineralized spicules
1–3

), have anatomies that are at odds with some aspects of tunicate 

morphology (e.g. Shankouclava
4
) or are problematic and unlikely to represent tunicates at all (e.g. Ausia 

and Burykhia
5
). As a result, these fossils have not contributed substantively to discussions regarding 
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tunicate evolution. Once considered a primitive tunicate
6
, the Silurian taxon Ainiktozoon is not listed 

herein, since it has been convincingly reinterpreted as an arthropod
7
.   

 

2. Supplementary Discussion 

Alternative affinities for Megasiphon thylakos. Based on its age, morphology, and locality of discovery, 

three possible alternative identities for Megasiphon thylakos besides tunicate bear consideration, but all 

three can be confidently dismissed. The first two are a branching, organic tube or a branching burrow 

produced by a presumably vermiform animal. For the former, no other fossil tubes from the Cambrian are 

similar in size and morphology to M. thylakos, as demonstrated by Robison and Conway Morris’s review
8
 

of the enigmatic and vermiform taxa from the Cambrian of Utah. The lone fossil that may be comparable 

is Margaretia dorus, which does branch at relatively similar angles as the siphons of Megasiphon, and 

can be of comparable width. However, it is morphologically utterly unlike Margaretia, lacking its 

characteristic series of spirally arranged pores and fibrous construction
9
. Additionally, due to its variety of 

well-preserved internal anatomical features preserved as carbonaceous films (e.g. musculature), M. 

thylakos is incompatible with identification as a trace fossil, particularly when compared with similarly-

sized putative traces from Cambrian deposits
10

. A branching alga remains the last possible alternative, 

however, there is little which could tie M. thylakos to this group. It lacks any clear morphological features 

characterizing well-known Cambrian taxa interpreted as algae (e.g., holdfasts with branching systems, 

filamentous texture, sheet or fan-like thallus construction; see
11

, table 1), including those subsequently 

reinterpreted as animal dwellings
9,10,12

. 
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