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Figure S1. Observed and predicted cruising swimming speed values (in body lengths per
second, BL/s) obtained from of the best fitted PGLS model.

Points are coloured by swimming conditions, swimming mode and locomotion type (from top
to bottom) and scaled proportional to the fish total body length (in cm). The line represents 1:1
relationship.
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Figure S2. Observed and predicted cruising swimming speed values (in body lengths per
second, BL/s) obtained from of the best fitted PGLS model following leave-one-out cross
validation procedure.

Points are coloured by swimming conditions, swimming mode and locomotion type (from top
to bottom) and scaled proportional to the fish total body length (in cm). The line represents 1:1
relationship.
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Figure S3. Observed and predicted cruising swimming speed values (in body lengths per
second, BL/s) for a selection of living lampreys obtained from of the best fitted PGLS
model.

Points are scaled proportional to the fish total body length (in cm). The line represents 1:1
relationship. (see also Table S2). Taxa: Et, Entosphenus tridentatus; Lf, Lampetra fluviatilis;
Pm, Petromyzon marinus.
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Figure S4. Ancestral character state reconstruction of size-normalized cruising

swimming speed using phylogenetic trees representing the main hypotheses on the
interrelationships of early vertebrates present in the literature !,



Figure S5. Landmark configuration considered in the geometric morphometrics
analysis.



Table S1. Dataset of living taxa considered in the phylogenetically informed regressions.

Group: C, Chondrichthyes; O, Osteichthyes. Length: FL, fork length; SL, standard length; TL, total length. Swimming conditions: F, free
swimming; NF, non-free swimming. Locomotion type: An, anguilliform; Cr, carangiform; MPF, median/paired fin propulsion; Th, thunniform.
Swimming mode: B, burst; C, cruising. CF, caudal fin; CV, leave-one-out cross validation procedure.

- -
(7] (7
= = 2 a a
) ~ K ® o @
S g £ < g £
= @ @ ] ] s k-] € 3
g s H g g H " 2 8 E E_
o - £ o o > " © o S S
o c 2] “ o = )] o «n v
0o o 1) 1] [V bt ~ c > o0 = @ = o5
£ ] £ £ £ £ 2 ° £ ] £ T2 Ta
3 € 2 £ E € » 3 5 = g ES £33 £
5 £ 7} = o ° ) ) 2 o L2 0
S £ S £ £ £ T S I 3 < £ ©% ©T=
= 3 3 3 3 3 & & & & & 22 £& £3
Source Group  Species Length (cm) Equation = =
34 (0] Alosa pseudoharengus SL 28 TL=1.282 x SL 36 - Cr B 13.18 4.80 1.02 0.38 0.98 0.69 2.04 1.120 0.853 0.842
35 o Alosa sapidissima FL 40 TL=1.127 x FL 45 NF Cr C 1.14 0.52 1.13 0.39 0.86 0.70 2.35 0.057 0.121 0.120
36 o Alosa sapidissima FL 42 TL=1.127 x FL 47 NF Cr C 1.00 0.47 1.13 0.39 0.86 0.70 2.35 0.000 0.114 0.114
35 (0] Alosa sapidissima FL 43 TL=1.127 xFL 48 NF Cr C 1.01 0.49 1.13 0.39 0.86 0.70 2.35 0.004 0.110 0.110
37 o Auxis rochei FL 31 TL=1.042 x FL 32 NF Th C 1.76 0.57 2.15 0.28 0.41 0.53 6.63 0.246 0.350 0.353
38 C Carcharhinus amblyrhynchos  FL 81 TL=1.173xFL 95 F Cr C 0.67 0.64 0.69 0.34 0.46 0.67 1.90 -0.174 -0.227 -0.228
38 C Carcharhinus amblyrhynchos ~ FL 81 TL=1.173 x FL 95 F Cr B 3.42 3.25 0.69 0.34 0.46 0.67 1.90 0.534 0.529 0.532
34 C Carcharhinus melanopterus SL 75 TL=1.248x SL 94 NF Cr C 0.83 0.78 0.67 0.38 0.48 0.68 1.60 -0.081 -0.083 -0.080
39 C Carcharhinus obscurus TL 65 - 65 F Cr c 0.34 0.22 0.84 0.32 0.37 0.65 2.80 -0.469  -0.137  -0.128
38 C Carcharhinus obscurus FL 67 TL=1.126 x FL 75 F Cr C 0.66 0.50 0.84 0.32 0.37 0.65 2.80 -0.180 -0.162 -0.162
40 C Carcharhinus plumbeus TL 71 - 71 F Cr C 0.78 0.55 0.95 0.37 0.31 0.72 2.96 -0.108 -0.134 -0.135
34 o Chromis punctipinnis SL 9 - 9 NF MPF C 6.00 0.51 1.04 0.47 0.95 0.78 1.87 0.778 0.386 0.353
34 (0] Chromis punctipinnis SL 9 - 9 NF MPF B 11.06 0.94 1.04 0.47 0.95 0.78 1.87 1.044 1.142 1.151
34 o Cymatogaster aggregata SL 9 TL=1.18 xSL 11 NF MPF C 4.19 0.46 0.94 0.62 0.89 0.88 1.32 0.622 0.334 0.321
34 o Cymatogaster aggregata SL 9 TL=1.18 xSL 11 NF MPF B 9.84 1.08 0.94 0.62 0.89 0.88 1.32 0.993 1.090 1.098
34 o Embiotoca jacksoni SL 15 TL=1.146 x SL 17 NF MPF C 3.05 0.52 1.10 0.53 0.91 0.81 1.78 0.484 0.286 0.279
34 o Embiotoca jacksoni SL 15 TL=1.146 x SL 17 NF MPF B 6.56 1.12 1.10 0.53 0.91 0.81 1.78 0.817 1.042 1.057
34 o Engraulis mordax SL 4 TL=1.158 x SL 4 - Cr B 7.00 0.30 1.10 0.35 0.89 0.64 2.50 0.845 1.247
34 o Esox lucius SL 20 TL=1.1xSL 22 - MPF B 6.71 1.48 1.00 0.53 0.91 0.84 1.66 0.827 0.935 0.940
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Table S2. Compilation of swimming speed records of living lampreys.

Cruising swimming Body length

speed (BL/s) (cm) Source
Entosphenus tridentatus  0.490 59.0 59
Entosphenus tridentatus  1.690 13.6 60
Petromyzon marinus 0.445 91.5 61
Petromyzon marinus 0.730 41.0 62
Petromyzon marinus 0.940 38.0 63

Lampetra fluviatilis 0.750 40.0 64



Table S3. Dataset of extinct taxa considered in the present study and predicted cruising swimming speed values (in body lengths per
second, BL/s).
CF, caudal fin; TL, total body length.
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CF Height to 2348 388

TL (cm) Width ratio  Min. Age Max. Age Source (TL) Source (Morphometry) Source (Age) © o= © o=
Africanaspis 25 0.41 Famennian Famennian 65 65 65 0.90 1.30
Anglaspis 5 0.45 Pridoli Lochkovian 66 67 22 1.75 1.33
Arctictenaspis 8 1.33 Lochkovian Lochkovian 68 68 22 2.03 1.85
Asterolepis 70 0.83 Givetian Givetian 66 69 69 0.71 1.53
Ateleaspis 18 0.40 Sheinwoodian ~ Homerian 70 2 7 1.03 1.30
Athenaegis 6 1.26 Sheinwoodian ~ Homerian 66 72 22 2.21 1.80
Birkenia 10 0.81 Rhuddanian Homerian 66 73 1 1.52 1.52
Bothriolepis 50 0.30 Famennian Famennian 66 7 7 0.66 1.25
Cephalaspis 20 0.30 Lochkovian Lochkovian 66 25 7 0.95 1.25
Ctenurella 18 0.49 Givetian Frasnian 66 7 7 1.06 1.35
Clydagnathus windsorensis 4 0.35 Mississippian Mississippian 7 7 78 1.84 1.28
Coccosteus 60 0.33 Eifelian Eifelian 66 7 75 0.62 1.27
Cometicercus 10 0.57 Lochkovian Lochkovian 80 81 82 1.38 1.38
Cowralepis 35 0.28 Givetian Frasnian & 83 75 0.75 1.24
Dinaspidella 12 0.49 Lochkovian Lochkovian 8 85 22 1.25 1.34
Doryaspis 20 0.74 Pragian Pragian 66 86 22 1.12 1.48
Drepanaspis 53 0.92 Emsian Emsian 66 87 2 0.82 1.59
Errivaspis 19 0.47 Lochkovian Lochkovian 88 89 22 1.03 1.33
Euphanerops 10 1.23 Frasnian Frasnian 66 %0 %0 1.78 1.78
Furcacauda_fredholmae 12 0.70 Lochkovian Lochkovian 80 91 82 1.35 1.46
Furcacauda_heintzae 6 0.67 Lochkovian Lochkovian 8 81 82 1.77 1.44

Hardistiella_montanensis 8 0.37 Mississippian Mississippian 14 1 1 1.41 1.29
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Table S4. Multicollinearity test on the independent variables in the model with the highest
support.

GVIF Df GVIF/(270f)
Length 1.537173 1 1.239828
Mode 1.719056 1 1311128
HeWiCF 1.092388 1 1.045174
Cond 2.408581 2 1.245777

Data S1. (separate file)
R code and associated files.
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