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2. Material and methods

(a) Material

(b) Synchrotron radiation X-ray tomographic microscopy

(c) Phylogeny
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3. Description

(a) External features

Figure 1. The shoulder skeleton of F. renovata in the context of early vertebrates. Diagram and line art (a–c), volume renderings of tomography data (d–g).

(a) Homology hypothesis for the pectoral girdle and appendicular skeleton of jawed vertebrates, data from this study and [1,2]. Simplified 50% majority-rule

phylogenetic tree of early vertebrates (see electronic supplementary material). (b) Life reconstruction of Fanjingshania (the region in red is shown in c). (c) Lateral view

reconstruction of the left pectoral spine-plate complex of F. renovata highlighting the position of studied specimens. (d) Posterior and (e) external views of a pair of

admedian spines fused to an incomplete pinnal plate (IVPP V27434.2). (f) External (IVPP V27433.11) and (g) external lateral (IVPP V27433.12) views of fragments

of pinnal plates fused to incomplete walls of pectoral fin spines. aadms, accessory admedian spine; adms, admedian spine; ciz, contact surface of the inner zone

extensions of the prepectoral spines; izp, inner zone of the pinnal plate; lor, lorical plate; pfs, pectoral fin spine; pi (al), ascending lamina of the pinnal plate; pi (vl),

ventral lamina of the pinnal plate; pps, prepectoral spine; sb, scale base; sc, body-type scale; scr, scale crown; szp, superficial zone of the pinnal plate; ts, tuberculate

scale. Black arrowheads point towards the anterior and red arrows indicate cement line surfaces.
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(b) Internal features

Figure 2. Resorption and remodelling features and internal structure of the dermal shoulder girdle of F. renovata. Volume renderings of tomography data (a, d–h) and

tomography slices (b, c). (a) External view of (IVPP V27434.2) showing a portion of the admedian spine and the pinnal plate. (b) Virtual slice across the pinnal plate of

IVPP V27434.2 along plane 1. (c) Detail of (b) showing the structure of the atubular dentine of the pinnal scales. (d) Virtual slice through IVPP V27434.2 along plane 2

depicting the structure of the pinnal plate at the junction with the admedian spine. (e) Detail of partially resorbed scales of the pinnal plate fragment (IVPP V27433.8

shown in (f)). (g) Longitudinal virtual slice of IVPP V27433.12 revealing the canal network inside the pectoral fin spine and the pinnal plate. ad, atubular dentine;

adms, admedian spine; izc, canals of the inner zone; izp, inner zone of the pinnal plate; lb, lamellar bone; pfs, pectoral fin spine; pi (vl), ventral lamina of the pinnal

plate; sc, body-type scale; szc, canals of the superficial zone; szp, superficial zone of the pinnal plate. Black arrowhead points towards the anterior, red arrows indicate

cement line surfaces and blue arrows indicate resorption surfaces.
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4. Discussion

(a) Growth mechanics

(b) The macromeric shoulder girdle of stem chondrichthyans
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Figure 3. Evolution of growth-related characters in the dermal shoulder girdle of F. renovata mapped onto a summary of parsimony and Bayesian phylogenies of

early vertebrates. Information for the reconstruction of ancestral state characters and the phylogenetic analysis is available in the electronic supplementary material.

Diagrams show the right half of the head and shoulder regions and are based on the current and previous studies (see electronic supplementary material). Character

numbers correspond to their position in the data matrix. Pie chart letters in legend stand for character (a) absence and (p) presence. Ancestral state probabilities for

(p) parsimony and (b) Bayesian analyses.
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