






 

 

 

Figure 5: Phylogeny of species used in this study and bar graphs of log-transformed 

mean coefficients of variation (𝑪𝑽∗) of the timing of (A) braking peak, (B) braking to 

propulsive transition, (C) propulsive peak, (D) medial peak, (E) lateral peak, and (F) 

vertical peak force for each species. Use Figure 2 as a reference for all scientific names. 

Coefficients of variation were calculated within individuals for each species using 𝐶𝑉∗ =

(1 + 
1

4𝑛
) 𝐶𝑉, where n is equal to the number of strides. Species with encapsulated Golgi 

tendon organs (GTO) are illustrated in black and species with unencapsulated GTOs are in 

red. Branch colors on phylogeny correspond to hypothesized ancestral GTO morphology 

(encapsulated = black, unencapsulated = red). For scale use timing of braking peak 𝐶𝑉∗ for 

Pleurodeles waltl (marked with an *) at 2.21. 
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Tables: 

Table 1: Coefficients of variation (𝑪𝑽∗) (mean ± standard deviation) for limb loading magnitude for each of the study species. 

Species 

Golgi tendon 

organ 

morphology 

Peak braking 

force 𝐶𝑉∗ 

Peak propulsive 

force 𝐶𝑉∗ 

Peak medial force 

𝐶𝑉∗ 

Peak lateral force 

𝐶𝑉∗ 

Peak vertical 

force 𝐶𝑉∗ 

Testudo 

hermanni 
Unencapsulated 58.75 35.05 83.00 33.74 9.45 

Tiliqua 

scincoides 
Unencapsulated 134.75 57.51 114.88 94.29 33.71 

Caiman 

crocodilus 
Unencapsulated 55.57 ± 26.57 43.82 ± 4.52 99.90 ± 9.87 84.34 ± 8.90 17.31 ± 5.43 

Smaug 

warreni 
Unencapsulated 940.74 ± 18.99 178.45 ± 145.37 43.86 ± 8.49 27.51 ± 26.16 33.84 ± 6.92 

Iguana 

iguana 
Unencapsulated 104.95 ± 6.07 81.04 ± 26.11 99.21 ± 38.17 79.57 ± 3.03 33.46 ± 3.72 

Stellagama st

ellio 
Unencapsulated 61.50 ± 46.16 41.79 ± 9.45 57.75 ± 24.88 35.26 ± 22.95 26.68 ± 7.91 

Leiocephalus 

schreibersi 
Unencapsulated 184.43 ± 183.35 94.49 ± 27.70 51.00 ± 31.73 46.30 ± 15.02 17.83 ± 5.66 

Tropidurus 

torquatus 
Unencapsulated 60.19 ± 16.50 43.18 ± 22.83 40.55 ± 45.86 60.42 ± 48.16 43.01 ± 10.23 

Varanus 

exanthematic

us 

Unencapsulated 56.84 ± 20.45 28.40 ± 14.67 77.38 ± 45.39 37.48 ± 21.37 23.08 ± 8.73 

Oplurus 

cuvieri 
Unencapsulated 47.20 ± 17.48 64.38 ± 16.67 43.07 ± 6.41 37.41 ± 10.57 17.22 ± 11.82 

Pleurodeles 

waltl 
Unencapsulated 84.01 31.81 47.75 32.10 12.97 

Pseudemys 

concinna 
Unencapsulated 139.27 ± 47.59 168.18 ± 25.78 51.35 ± 7.41 28.93 ± 7.51 10.77 ± 4.15 

Salvator 

merianae 
Unencapsulated 184.38 ± 83.09 92.23 ± 33.49 102.16 ± 56.64 53.07 ± 31.07 19.52 ± 7.89 

Ambystoma 

mexicanum 
Unencapsulated 1241.07 ± 2041.47 60.34 ± 43.79 64.48 ± 16.87 53.65 ± 9.19 25.55 ± 4.18 
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Testudo 

graeca 
Unencapsulated 99.37 ± 73.59 74.14 ± 88.58 69.75 ± 7.31 33.82 ± 5.60 4.93 ± 2.51 

Ambystoma 

tigrinum 
Unencapsulated 547.55 ± 822.33 91.18 ± 24.26 60.02 ± 18.48 34.34 ± 9.20 32.16 ± 6.89 

Ateles 

fusciceps 
Encapsulated 50.02 31.03 84.04 61.64 10.20 

Ateles 

geoffroyi 
Encapsulated 48.21 19.61 42.53 49.23 6.79 

Erythrocebus 

patas 
Encapsulated 28.09 25.76 113.38 10.64 8.25 

Leopardus 

pardalis 
Encapsulated 39.50 16.66 93.11 57.25 20.67 

Papio anubis Encapsulated 22.53 22.48 103.81 15.51 8.38 

Alectura 

lathami 
Encapsulated 30.48 ± 9.81 39.81 ± 1.97 38.81 ± 5.64 42.05 ± 0.75 33.77 ± 1.45 

Caracal 

caracal 
Encapsulated 37.58 ± 5.53 14.11 ± 10.70 105.34 ± 14.39 29.26 ± 6.56 11.81 ± 7.26 

Coturnix 

coturnix 
Encapsulated 30.08 ± 2.72 29.33 ± 3.07 64.93 ± 3.47 50.49 ± 0.05 18.55 ± 1.30 

Eudromia 

elegans 
Encapsulated 21.18 ± 8.67 25.65 ± 10.93 44.40 ± 7.15 22.79 ± 5.07 8.45 ± 6.93 

Felis catus Encapsulated 39.75 ± 4.50 20.27 ± 18.20 84.12 ± 19.14 39.92 ± 6.40 6.86 ± 0.02 

Hapalemur 

griseus 
Encapsulated 73.51 ± 7.53 47.05 ± 20.91 33.55 ± 5.81 51.31 ± 34.96 19.03 ± 8.29 

Leptailurus 

serval 
Encapsulated 21.80 ± 1.76 11.46 ± 7.12 80.81 ± 18.98 31.66 ± 2.91 8.96 ± 4.58 

Macaca 

fasicularis 
Encapsulated 72.64 ± 10.59 11.33 ± 2.34 50.67 ± 2.51 116.43 ± 2.32 6.85 ± 3.21 

Macaca 

mulatta 
Encapsulated 53.18 ± 22.92 10.95 ± 6.73 11.93 ± 11.52 32.95 ± 8.62 2.04 ± 2.39 

Nasua nasua Encapsulated 35.09 ± 7.72 23.55 ± 3.56 140.78 ± 31.49 26.92 ± 8.00 10.36 ± 5.94 

Potos flavus Encapsulated 57.58 ± 1.39 32.60 ± 0.90 52.69 ± 41.56 67.52 ± 3.98 13.97 ± 8.43 

Recurvirostra 

avosetta 
Encapsulated 13.56 ± 1.28 17.20 ± 13.94 20.70 ± 2.44 35.26 ± 16.02 7.84 ± 3.44 
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Struthio 

camelus 
Encapsulated 11.08 ±0.85 22.17 ± 10.43 25.05 ± 2.82 15.21 ± 16.48 21.28 ± 3.24 

Threskiornis 

molucca 
Encapsulated 31.76 ± 13.51 25.68 ± 7.56 73.92 ± 27.05 38.77 ± 24.49 10.95 ± 3.49 

Aotus 

nancymaae 
Encapsulated 34.27 ± 10.97 35.70 ± 3.75 47.46 ± 9.24 87.23 ± 14.91 9.82 ± 1.72 

Cebus 

capucinus 
Encapsulated 45.11 ± 10.81 47.97 ± 17.67 37.12 ± 13.65 51.16 ± 31.24 13.77 ± 7.33 

Daubentonia 

madagascarie

nsis 

Encapsulated 69.01 ± 18.32 34.67 ± 10.59 42.52 ± 3.08 72.70 ± 17.61 11.73 ± 2.41 

Desmodus 

rotundus 
Encapsulated 53.32 ± 72.66 16.79 ± 15.65 50.73 ± 54.29 66.37 ± 35.30 15.92 ± 15.25 

Gallus gallus Encapsulated 36.91 ± 13.54 45.00 ± 16.00 58.23 ± 22.79 46.15 ± 7.64 15.08 ±5.72 

Lemur catta Encapsulated 31.56 ± 5.16 25.92 ± 4.50 35.57 ± 6.59 54.78 ± 16.63 11.94 ± 5.41 

Numida 

meleagris 
Encapsulated 39.16 ± 8.68 33.07 ± 7.96 51.27 ± 12.78 43.16 ± 14.31 34.26 ± 12.29 

Porphyrio 

porphyrio 
Encapsulated 38.44 ± 5.10 36.99 ± 0.83 56.29 ± 20.85 30.01 ± 3.42 17.93 ± 8.60 

Propithecus 

coquereli 
Encapsulated 33.67 ± 8.35 17.42 ± 13.40 59.46 ± 10.55 59.68 ± 32.78 13.92 ± 7.48 

Varecia 

variegata 
Encapsulated 38.65 ± 14.28 28.47 ± 4.38 29.86 ± 6.69 49.66 ± 12.59 10.47 ± 0.66 

Coturnix 

japonica 
Encapsulated 26.24 ± 12.01 30.92 ± 10.89 35.10 ± 23.87 19.89 ± 19.87 14.61 ± 9.19 

Haematopus 

ostralegus 
Encapsulated 15.18 ± 5.87 15.46 ± 10.84 33.70 ± 42.51 19.98 ± 15.42 13.29 ± 1.63 

Panthera 

tigris 
Encapsulated 18.47 ± 11.12 10.14 ± 5.39 67.57 ± 23.47 41.36 ± 8.26 7.93 ± 2.02 

Vanellus 

vanellus 
Encapsulated 19.91 ± 10.64 21.12 ± 15.87 37.60 ± 36.29 29.95 ± 18.52 6.94 ± 4.34 

Colinus 

virginianus 
Encapsulated 32.07 ± 12.38 38.92 ± 9.44 28.83 ± 14.06 34.27 ± 14.38 17.14 ± 3.89 

Coturnix 

chinensis 
Encapsulated 27.80 ± 4.87 34.18 ± 4.48 44.82 ± 8.68 37.08 ± 10.28 24.19 ± 2.35 
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Didelphis 

virginiana 
Encapsulated 112.84 ± 114.24 46.93 ± 11.08 66.67 ± 40.42 46.58 ± 6.83 11.87 ± 7.43 

Meleagris 

gallopavo 
Encapsulated 37.57 ± 16.00 32.85 ± 9.66 40.06 ± 18.83 32.69 ± 9.31 25.52 ± 6.42 

Dromaius 

novaehollandi

ae 

Encapsulated 18.68 ± 3.26 21.64 ± 3.43 50.23 ± 10.52 36.64 ± 6.31 18.25 ± 3.51 

Saimiri 

sciureus 
Encapsulated 63.57 ± 13.42 46.34 ± 7.95 50.82 ± 19.21 82.41 ± 32.02 9.80 ± 1.99 
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Table 2. Coefficients of variation (𝑪𝑽∗) (mean ± standard deviation) for the timing of peak forces and the braking to 

propulsive transition for each of the study species. 

Species 

Golgi tendon 

organ 

morphology 

Timing of 

peak 

braking 

force 𝐶𝑉∗ 

Timing of 

braking to 

propulsive 

transition 

𝐶𝑉∗ 

Timing of 

peak 

propulsive 

force 𝐶𝑉∗ 

Timing of 

peak medial 

force 𝐶𝑉∗ 

Timing of 

peak lateral 

force 𝐶𝑉∗ 

Timing of 

peak 

vertical 

force 𝐶𝑉∗ 

Testudo hermanni Unencapsulated 94.74 63.66 35.88 68.48 68.21 40.52 

Tiliqua scincoides Unencapsulated 182.84 149.87 76.13 61.99 98.41 71.27 

Caiman crocodilus Unencapsulated 71.00 ± 5.98 53.38 ± 11.34 21.33 ± 4.69 123.52 ± 3.07 71.45 ± 13.06 37.69 ± 13.47 

Smaug warreni Unencapsulated 59.53 69.72 ± 9.33 18.04 ± 4.30 
153.74 ± 

57.72 
28.42 ± 16.07 24.96 ± 8.87 

Iguana iguana Unencapsulated 85.99 ± 6.15 75.78 ± 27.38 50.80 ± 7.92 
154.21 ± 

44.40 
33.23 ± 19.82 47.40 ± 27.24 

Stellagama stellio Unencapsulated 26.71 ± 24.26 31.81 ± 4.16 18.38 ± 13.89 86.99 ± 55.63 12.02 ± 5.12 21.33 ± 19.24 

Leiocephalus schreibersi Unencapsulated 49.88 ± 28.84 44.60 ± 27.68 37.16 ± 8.21 
127.33 ± 

39.95 
23.00 ± 0.93 18.31 ± 2.47 

Tropidurus torquatus Unencapsulated 82.52 ± 29.45 47.80 ± 10.33 23.74 ±19.52 26.85 ± 28.48 29.58 ± 10.46 
102.35 ± 

25.68 

Varanus exanthematicus Unencapsulated 79.00 ± 11.25 48.29 ± 4.85 25.00 ± 9.65 109.93 ± 3.95 25.23 ± 23.46 69.25 ± 51.27 

Oplurus cuvieri Unencapsulated 41.77 ± 5.90 34.99 ± 3.04 22.31 ± 4.93 99.89 ± 11.85 15.30 ± 5.04 17.61 ± 7.11 

Pleurodeles waltl Unencapsulated 162.83 76.71 57.89 80.90 79.79 64.44 

Pseudemys concinna Unencapsulated 94.41 ± 33.77 67.56 ± 26.53 36.37 ± 6.62 71.63 ± 38.31 75.90 ± 37.12 21.16 ± 2.68 

Salvator merianae Unencapsulated 
113.59 ± 

33.76 
77.37 ± 9.08 39.52 ± 2.15 92.89 ± 12.69 70.82 ± 33.65 

105.53 ± 

28.90 

Ambystoma mexicanum Unencapsulated 
131.16 ± 

32.84 
93.65 ± 65.45 34.96 ± 4.75 

106.90 ± 

27.03 
60.47 ± 27.49 31.22 ± 9.43 

Testudo graeca Unencapsulated 
101.72 ± 

33.54 
44.61 ± 18.79 48.76 ± 16.57 88.01 ± 29.06 38.56 ±12.46 17.19 ± 2.96 

Ambystoma tigrinum Unencapsulated 
107.24 ± 

24.05 
99.30 ± 26.26 42.63 ± 4.39 

126.52 ± 

31.45 
71.35 ± 15.67 57.74 ± 14.02 

Ateles fusciceps Encapsulated 72.71 50.34 33.18 71.43 79.42 41.07 

Ateles geoffroyi Encapsulated 38.04 13.46 13.20 58.88 41.04 9.86 
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Erythrocebus patas Encapsulated 8.35 5.67 2.38 45.42 18.01 9.57 

Leopardus pardalis Encapsulated 22.34 12.21 6.11 103.93 78.02 42.20 

Papio anubis Encapsulated 12.30 12.69 10.94 65.95 64.22 7.39 

Alectura lathami Encapsulated 19.39 ± 4.08 9.54 ± 3.96 6.69 ± 2.67 76.44 ± 13.98 45.34 ± 1.63 39.43 ± 8.30 

Caracal caracal Encapsulated 29.21 ± 9.66 21.22 ± 3.43 9.56 ± 7.53 
112.18 ± 

89.70 
65.29 ± 17.16 32.52 ± 16.48 

Coturnix coturnix Encapsulated 40.11 ± 8.21 25.12 ± 3.52 15.65 ± 1.92 105.90 ± 9.49 32.19 ± 2.24 42.24 ± 3.72 

Eudromia elegans Encapsulated 30.48 ± 3.87 8.21 ± 1.51 10.01 ± 10.12 26.34 ± 17.11 14.90 ± 2.62 14.23 ± 6.34 

Felis catus Encapsulated 16.73 ± 0.68 15.19 ± 2.51 4.52 ± 1.01 84.85 ± 37.73 58.45 ± 15.69 24.26 ± 2.75 

Hapalemur griseus Encapsulated 60.15 ± 28.33 67.60 ± 6.47 30.27 ± 0.65 19.97 ± 2.97 
115.23 ± 

19.43 
29.07 ± 25.06 

Leptailurus serval Encapsulated 13.48 ± 5.73 7.93 ± 3.23 4.60 ± 2.66 96.95 ± 34.14 81.35 ± 18.95 8.96 ± 4.58 

Macaca fasicularis Encapsulated 32.80 ± 5.00 29.90 ± 1.71 15.42 ± 4.01 32.72 ± 1.50 57.21 ± 4.00 11.49 ± 1.41 

Macaca mulatta Encapsulated 17.25 ± 11.15 24.63 ± 0.19 6.75 ± 6.58 45.17 ± 17.65 60.61 ± 32.87 9.89 ± 4.73 

Nasua nasua Encapsulated 19.00 ± 3.60 9.39 ± 1.98 7.87 ± 1.49 
123.55 ± 

12.90 
74.37 ± 10.85 28.25 ± 12.32 

Potos flavus Encapsulated 46.44 ± 0.04 39.86 ± 2.62 20.36 ± 8.17 71.57 ± 24.05 64.36 ± 4.13 28.30 ± 8.09 

Recurvirostra avosetta Encapsulated 37.59 ± 8.08 20.17 ± 2.95 7.94 ± 4.08 
107.61 ± 

18.01 
53.83 ± 8.03 7.84 ± 3.44 

Struthio camelus Encapsulated 24.12 ± 4.89 5.05 ± 4.87 14.61 ± 4.33 25.71 ± 22.90 61.76 ± 81.02 34.03 ± 1.49 

Threskiornis molucca Encapsulated 15.95 ± 8.66 11.71 ± 0.31 8.80 ± 0.42 16.06 ± 7.88 43.70 ± 17.70 16.56 ± 0.49 

Aotus nancymaae Encapsulated 61.85 ± 36.33 43.22 ± 18.05 24.54 ± 13.49 41.28 ± 7.83 
168.45 ± 

52.59 
36.84 ± 13.57 

Cebus capucinus Encapsulated 48.30 ± 7.04 48.94 ± 17.81 22.74 ± 11.62 64.15 ± 15.43 
113.17 ± 

32.00 
43.55 ± 10.11 

Daubentonia 

madagascariensis 
Encapsulated 64.09 ± 1.85 44.20 ± 10.54 31.89 ± 6.27 51.39 ± 4.78 

101.43 ± 

39.32 
17.01 ± 2.70 

Desmodus rotundus Encapsulated 
118.73 ± 

38.21 
92.52 ± 33.08 28.69 ± 1.89 50.49 ± 40.81 60.95 ± 31.89 60.47 ± 29.22 

Gallus gallus Encapsulated 48.44 ± 22.99 14.31 ± 7.59 10.59 ± 4.02 18.25 ± 7.41 49.07 ± 15.77 57.00 ± 19.62 

Lemur catta Encapsulated 25.86 ± 5.36 17.52 ± 4.57 18.00 ± 12.49 72.21 ± 7.13 93.44 ± 40.89 26.40 ± 5.89 

Numida meleagris Encapsulated 22.44 ± 4.77 12.09 ± 0.90 8.19 ± 2.05 49.99 ± 9.59 46.69 ± 14.19 36.67 ± 7.12 

Porphyrio porphyrio Encapsulated 24.51 ± 2.78 9.87 ± 1.32 8.10 ± 3.07 49.79 ± 38.81 33.40 ± 8.65 30.58 ± 10.92 
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Propithecus coquereli Encapsulated 17.06 ± 6.65 86.76 ± 34.01 37.61 ± 12.60 69.02 ± 15.58 
128.36 ± 

31.95 
11.90 ± 4.46 

Varecia variegata Encapsulated 38.18 ± 20.03 22.40 ± 9.05 28.04 ± 10.70 108.72 ± 7.33 87.90 ± 31.34 18.66 ± 5.86 

Coturnix japonica Encapsulated 15.17 ± 4.50 20.72 ± 3.22 21.10 ± 13.27 45.78± 29.68 39.68 ± 15.68 28.55 ± 19.59 

Haematopus ostralegus Encapsulated 37.43 ± 16.23 21.98 ± 3.29 14.72 ± 1.78 28.13 ± 29.64 15.60 ± 7.85 21.82 ± 11.38 

Panthera tigris Encapsulated 23.85 ± 5.97 11.39 ± 5.97 6.54 ± 3.40 85.06 ± 61.61 62.64 ± 19.88 40.99 ± 28.64 

Vanellus vanellus Encapsulated 29.06 ± 15.43 26.19 ± 11.33 9.66 ± 5.74 
123.45 ± 

28.16 
65.75 ± 20.03 44.16 ± 18.23 

Colinus virginianus Encapsulated 38.87 ± 19.95 23.10 ± 8.77 19.61 ± 9.80 63.45 ± 21.63 30.49 ± 16.91 25.94 ± 15.06 

Coturnix chinensis Encapsulated 41.89 ± 9.01 16.12 ± 4.83 12.10 ± 5.11 46.75 ± 16.15 38.42 ± 13.54 38.57 ± 14.10 

Didelphis virginiana Encapsulated 67.77 ± 29.13 50.36 ± 17.46 18.20 ± 10.67 88.88 ± 19.03 49.31 ± 19.61 33.09 ± 9.94 

Meleagris gallopavo Encapsulated 42.35 ± 9.19 13.65 ± 1.81 7.12 ± 3.67 26.44 ± 9.12 30.44 ± 14.15 29.58 ± 9.91 

Dromaius 

novaehollandiae 
Encapsulated 21.88 ± 6.02 6.49 ± 0.62 4.81 ± 0.76 43.01 ± 8.25 53.28 ± 32.23 29.68 ± 11.68 

Saimiri sciureus Encapsulated 81.24 ± 18.25 51.49 ± 17.99 22.73 ± 4.62 71.55 ± 17.05 
101.40 ± 

33.37 
39.37 ± 9.06 
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Table 3. Results from non-phylogenetic Mann–Whitney U tests and comparisons of linear 

mixed-effects models. Mann–Whitney U tests were used to compare species-mean 𝑪𝑽∗of 

limb loading variables between tetrapods with encapsulated versus unencapsulated Golgi 

tendon organ morphology. Linear mixed-effects models were used to assess the relationship 

between the variables of interest with species and subject as random effects, and Golgi 

tendon organ morphology (i.e., encapsulated versus unencapsulated), substrate, number of 

hindlimb substrate reaction forces analyzed, body mass, dimensionless speed, variation in 

dimensionless speed, and contact time as fixed effects. Model (degrees of freedom = 11) 

comparison was constrained to a single null (degrees of freedom = 10) that did not include 

Golgi tendon organ morphology as a fixed effect.  

Variable 

Mann–

Whitney 

U test 

(P-

value) 

Linear 

mixed-

effects 

model 

Akaike’s 

information 

criterion 

χ2 value 

Comparison of 

Linear mixed-

effects models 

(P-value) 

Peak braking force 

𝐶𝑉∗ 
< 0.001 

Null 138.02 
31.86 <0.001 

Model 108.16 

Peak propulsive 

force 𝐶𝑉∗ 
< 0.001 

Null 40.75 
26.77 <0.001 

Model 15.98 

Peak medial force 

𝐶𝑉∗ 
0.044 

Null 69.07 
9.43 0.002 

Model 61.63 

Peak lateral force 

𝐶𝑉∗ 
0.640 

Null 22.06 
4.53 0.033 

Model 19.53 

Peak vertical force 

𝐶𝑉∗ 
0.004 

Null 24.24 
6.94 0.008 

Model 19.30 

Timing of peak 

braking force 𝐶𝑉∗ 
< 0.001 

Null -30.39 
16.55 <0.001 

Model -44.95 

Timing of braking to 

propulsive transition 

𝐶𝑉∗ 

< 0.001 
Null -18.23 

25.55 <0.001 
Model -41.78 

Timing of peak 

propulsive force 𝐶𝑉∗ 
< 0.001 

Null 36.01 
30.89 <0.001 

Model 7.12 

Timing of peak 

medial force 𝐶𝑉∗ 
< 0.001 

Null 43.57 
5.73 0.017 

Model 39.84 

Timing of peak 

lateral force 𝐶𝑉∗ 
0.359 

Null -8.30 
3.63 0.057 

Model -9.93 

Timing of peak 

vertical force 𝐶𝑉∗ 
0.004 

Null 7.30 
0.02 0.890 

Model 9.28 
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Table 4: Evolutionary models fit to residual limb loading and stride cycle 𝑪𝑽∗. Residuals are from regressions of log10 limb 

loading and stride cycle duration 𝑪𝑽∗ on log10 mass, log10 speed, and log10 speed 𝑪𝑽∗. Bolded models have the most support. 

Values presented are mean  standard deviation based on running the analysis on 100 trees to account for phylogenetic 

uncertainty. Variables defined as follows: 2 = Brownian motion rate parameter,  = strength of pull towards trait optimum 

under OU model, T1/2 = phylogenetic half-life,  = trait optima. Models as follows: BM1 = single rate Brownian motion, BM-M 

= two rate Brownian motion, OU-1 = single optimum Ornstein-Uhlenbeck, OU-M = two optima Ornstein-Uhlenbeck. 

Variable Model 2  T1/2  

Akaike’s 

information 

criterion 

Akaike 

Weights 

Peak 

braking 

force 𝐶𝑉∗ 

BM1 1.0e-37.3e-5   0.000.00 13.62.5 0.150.06 

BM-M 1.5e-31.3e-4, 0.8e-35.7e-5   -0.010.00 13.52.4 0.150.07 

OU-1 1.3e-31.6e-4 3.1e-39.2e-4 224 -0.050.01 13.21.5 0.150.01 

OU-M 1.5e-32.3e-4 5.9e-31.7e-3 117 0.100.01, -0.880.17 10.71.3 0.550.12 

Peak 

propulsive 

force 𝐶𝑉∗ 

BM1 6.3e-42.2e-5   0.000.00 -12.61.0 0.000.00 

BM-M 5.9e-44.5e-5, 6.5e-41.6e-5   0.000.00 -10.41.0 0.000.00 

OU-1 9.5e-42.6e-5 6.7e-31.4e-4 103 0.000.01 -18.60.9 0.020.01 

OU-M 1.6e-38.1e-5 2.1e-21.3e-3 33 0.140.00, -0.230.02 -27.31.0 0.980.01 

Peak medial 

force 𝐶𝑉∗ 

BM1 1.8e-33.2e-4   0.000.00 44.37.6 0.000.00 

BM-M 8.7e-45.8e-4, 2.2e-32.2e-4   -0.010.00 40.010.8 0.000.00 

OU-1 8.3e-31.1e-3 6.5e-22.0e-2 11 0.130.04 10.211.8 0.680.01 

OU-M 9.0e-31.3e-3 7.1e-21.9e-2 10 0.080.01, 0.160.07 11.812.9 0.320.01 

Peak lateral 

force 𝐶𝑉∗ 

BM1 3.0e-38.7e-4   0.000.00 72.112.6 0.000.00 

BM-M 2.0e-31.5e-3, 3.5e-36.2e-4   -0.010.00 70.114.5 0.000.00 

OU-1 1.6e-23.2e-3 8.0e-23.0e-2 9 0.230.01 34.519.4 0.020.02 

OU-M 2.6e-26.3e-3 1.6e-16.2e-2 4 0.020.02, 0.340.10 26.718.4 0.980.03 

BM1 1.1e-3 7.7e-5   0.000.00 20.02.1 0.000.00 

BM-M 2.8e-4 4.1e-5, 1.5e-31.0e-4   0.010.00 8.62.7 0.000.00 
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Peak 

vertical 

force 𝐶𝑉∗ 

OU-1 2.4e-31.6e-4 1.8-21.0e-3 39 0.020.02 -1.02.7 0.530.08 

OU-M 2.5e-31.7e-4 2.0e-21.7e-3 35 0.100.01, -0.040.03 -0.73.3 0.470.09 

Timing of 

peak 

braking 

force 𝐶𝑉∗ 

BM1 3.0e-39.1e-4   0.000.00 71.513.4 0.000.00 

BM-M 1.7e-31.4e-3, 3.6e-37.4e-4   0.000.00 68.216.3 0.000.00 

OU-1 5.5e-21.7e-2 4.7-11.8e-1 1.5 0.020.01 8.516.3 0.520.00 

OU-M 6.0e-21.5e-2 5.5e-12.0e-1 1.3 0.050.01, 0.000.11 8.417.0 0.480.00 

Timing of 

braking to 

propulsive 

transition 

𝐶𝑉∗ 

BM1 1.3e-33.3e-5   0.000.00 29.01.7 0.000.00 

BM-M 2.8e-41.8e-5, 1.8e-34.7e-5   0.010.00 16.22.0 0.010.01 

OU-1 2.7e-32.3e-4 1.7e-22.0e-3 41 -0.050.01 9.81.6 0.130.03 

OU-M 4.4e-33.7e-4 3.5e-23.4e-3 20 0.070.00, -0.160.01 6.01.3 0.860.04 

Timing of 

peak 

propulsive 

force 𝐶𝑉∗ 

BM1 1.5e-31.6e-4   0.000.00 33.74.3 0.000.00 

BM-M 5.7e-42.9e-4, 1.9e-31.2e-4   0.020.00 27.57.4 0.000.00 

OU-1 2.7e-32.2e-4 1.4e-21.2e-3 50 -0.080.02 16.05.7 0.010.01 

OU-M 3.7e-33.7e-4 2.8e-21.4e-3 25 0.090.01, -0.270.05 7.45.7 0.990.01 

Timing of 

peak medial 

force 𝐶𝑉∗ 

BM1 2.2e-35.8e-4   0.000.00 54.711.7 0.000.00 

BM-M 1.4e-39.2e-4, 2.6e-34.6e-4   0.000.00 53.613.2 0.010.00 

OU-1 1.0e-21.6e-3 5.7e-21.7e-2 12 0.130.06 27.016.0 0.690.09 

OU-M 1.1e-22.2e-3 6.2e-21.5e-2 11 0.100.01, 0.160.10 28.715.4 0.310.09 

Timing of 

peak lateral 

force 𝐶𝑉∗ 

BM1 9.2e-48.5e-5   0.000.00 8.23.4 0.000.00 

BM-M 4.2e-41.3e-4, 1.1e-37.4e-5   0.000.00 4.65.0 0.010.00 

OU-1 1.7e-31.4e-4 1.2e-23.7e-4 58 -0.060.02 -5.84.1 0.650.07 

OU-M 1.8e-31.1e-4 1.4e-21.4e-3 50 -0.110.00, 0.010.04 -4.54.6 0.340.07 

Timing of 

peak 

vertical 

force 𝐶𝑉∗ 

BM1 1.7e-39.4e-5   0.000.00 41.01.6 0.000.00 

BM-M 6.4e-46.6e-5, 2.1e-31.2e-4   -0.010.00 36.01.9 0.000.00 

OU-1 4.1e-31.7e-4 2.3e-21.9e-3 30 0.070.02 20.03.0 0.760.01 

OU-M 4.1e-31.7e-4 2.3e-21.8e-3 30 0.070.01, 0.080.03 22.02.9 0.240.01 

BM1 3.9e-31.4e-3   0.000.00 85.815.6 0.000.00 

BM-M 3.3e-32.5e-3, 4.3e-39.0e-4   0.010.01 86.316.5 0.000.00 
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Stride cycle 

duration 

𝐶𝑉∗ 

OU-1 2.2e-13.6e-1 1.6e02.6e0 0.43 -0.240.01 37.127.4 0.000.00 

OU-M 1.4e01.3e0 1.0e16.6e0 0.06 0.050.02, -0.380.14 17.128.7 1.000.00 

Jo
ur

na
l o

f E
xp

er
im

en
ta

l B
io

lo
gy

 •
 A

cc
ep

te
d 

m
an

us
cr

ip
t



Table 5: Phylogenetic generalized least squares (PGLS) models of the relationships 

between coefficient of variation (𝑪𝑽∗) of stride cycle duration (y) and 𝑪𝑽∗ all limb loading 

variables (x). Bolded models have the most support. Values presented are means based on 

running the analysis on 100 trees to account for phylogenetic uncertainty (standard 

deviations not shown, but were at least an order of magnitude smaller than the mean for all 

parameters). Variables defined as follows: 2 = Brownian motion rate parameter,  = 

strength of pull towards trait optimum under OU model,  = Pagel’s lambda. Models as 

follows: = Pagel’s lambda model, OU = single optimum Ornstein-Uhlenbeck.  

Variable Model 2   

Akai

ke’s 

infor

mati

on 

criter

ion 

Akaike 

Weights 
Intercept Slope 

t-

value 
P-value 

Peak 

braking 

force 𝐶𝑉∗ 

 0.00013  0.34 -12.7 1.00 1.243 0.018 0.21 0.835 

OU 0.10381 1.000 
 

-1.1 0.00 1.151 0.053 0.05 0.497 

Peak 

propulsive 

force 𝐶𝑉∗ 

 0.00012  0.28 -13.9 0.98 1.057 0.136 1.15 0.255 

OU 0.09238 1.000 
 

-5.3 0.02 0.806 0.288 2.66 0.010 

Peak 

medial 

force 𝐶𝑉∗ 

 0.00012  0.32 -15.0 1.00 1.634 -0.203 -1.51 0.137 

OU 0.09840 1.00 
 

-1.8 0.00 1.719 0.274 -1.82 0.077 

Peak 

lateral 

force 𝐶𝑉∗ 

 0.00013  0.36 -13.8 1.00 1.502 -0.138 -1.04 0.305 

OU 0.09970 1.00 
 

-1.1 0.00 1.626 -0.237 -1.59 0.126 

Peak 

vertical 

force 𝐶𝑉∗ 

 0.00013  0.31 -15.1 0.98 1.042 0.196 1.56 0.126 

OU 0.08996 1.00 
 

-6.8 0.02 0.846 0.347 2.96 0.006 

Timing of 

peak 

braking 

force 𝐶𝑉∗ 

 0.00013  0.31 -13.5 1.00 1.113 0.094 0.93 0.355 

OU 0.10005 1.00 
 

-0.9 0.00 0.995 0.153 1.55 0.127 

Timing of 

braking to 

propulsive 

transition 

𝐶𝑉∗ 

 0.00013  0.32 -13.5 1.00 1.153 0.078 0.893 0.376 

OU 0.10267 1.00 

 

0.5 0.00 1.116 0.088 1.032 0.308 

Timing of 

peak 
 0.00013  0.32 -13.3 1.00 1.178 0.074 0.76 0.448 

OU 0.10080 1.00  -0.5 0.00 1.077 0.136 1.43 0.158 
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propulsive 

force 𝐶𝑉∗ 

Timing of 

peak 

medial 

force 𝐶𝑉∗ 

 0.00014  0.35 -12.8 1.00 1.358 -0.042 -0.36 0.722 

OU 0.10416 1.00 
 

1.3 0.00 1.347 -0.057 -0.44 0.672 

Timing of 

peak 

lateral 

force 𝐶𝑉∗ 

 0.00013  0.32 -12.8 0.98 1.357 -0.046 -0.37 0.713 

OU 0.09427 1.00 
 

-4.2 0.02 1.738 -0.289 -2.43 0.020 

Timing of 

peak 

vertical 

force 𝐶𝑉∗ 

 0.00013  0.34 -13.4 1.00 1.151 0.083 0.803 0.426 

OU 0.09998 1.00 
 

-0.9 0.00 0.983 0.180 1.586 0.124 
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Table S1. Statistical parameters derived from linear mixed-effects models demonstrating the statistical importance of various 

fixed effects. Values in bold illustrate fixed effects that significantly influence each respective response variable.  

Response 
variable Fixed effect Estimate Standard 

Error t value F value P value 

Peak 
braking 

force 𝐶𝐶𝐶𝐶∗ 

(Intercept) 1.28 0.17 - - - 
Golgi tendon organ morphology 0.58 0.09 6.56 37.19 < 0.001 

Substrate 0.27 0.08 3.43 10.24 0.002 
Dimensionless speed -0.04 0.14 -0.27 0.02 0.892 

Count 0.00 0.00 1.26 1.71 0.195 
Dimensionless speed 𝐶𝐶𝐶𝐶∗ 0.12 0.07 1.71 2.41 0.123 

Mass -0.08 0.05 -1.55 2.16 0.148 
Contact time 0.13 0.19 0.69 0.49 0.485 

Peak 
propulsive 
force 𝐶𝐶𝐶𝐶∗ 

(Intercept) 1.11 0.14 - - - 
Golgi tendon organ morphology 0.44 0.08 5.45 29.72 < 0.001 

Substrate 0.10 0.07 1.37 1.87 0.178 
Dimensionless speed 0.00 0.13 0.03 0.00 0.979 

Count 0.00 0.00 1.72 2.97 0.088 
Dimensionless speed 𝐶𝐶𝐶𝐶∗ 0.15 0.05 2.78 7.72 0.006 

Mass -0.05 0.04 -1.03 1.07 0.306 
Contact time -0.02 0.17 -0.11 0.01 0.910 

Peak 
medial 

force 𝐶𝐶𝐶𝐶∗ 

(Intercept) 1.53 0.16 - - - 
Golgi tendon organ morphology 0.24 0.08 2.96 8.74 0.005 

Substrate -0.07 0.07 -0.95 0.90 0.349 
Dimensionless speed 0.07 0.13 0.53 0.28 0.597 

Count 0.01 0.00 3.08 9.50 0.003 
Dimensionless speed 𝐶𝐶𝐶𝐶∗ 0.07 0.06 1.18 1.38 0.241 

Mass 0.06 0.05 1.23 1.50 0.227 
Contact time 0.16 0.18 0.91 0.82 0.370 

Peak lateral 
force 𝐶𝐶𝐶𝐶∗ 

(Intercept) 1.59 0.14 - - - 
Golgi tendon organ morphology 0.16 0.08 2.04 4.17 0.047 
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Substrate 0.32 0.07 4.74 22.49 < 0.001 
Dimensionless speed 0.25 0.12 2.05 4.20 0.046 

Count 0.01 0.00 2.94 8.66 0.004 
Dimensionless speed 𝐶𝐶𝐶𝐶∗ 0.03 0.06 0.59 0.35 0.555 

Mass -0.09 0.05 -1.90 3.60 0.063 
Contact time 0.38 0.16 2.35 5.52 0.022 

Peak 
vertical 

force 𝐶𝐶𝐶𝐶∗ 

(Intercept) 0.72 0.15 - - - 
Golgi tendon organ morphology 0.24 0.09 2.56 6.57 0.014 

Substrate -0.12 0.08 -1.48 2.18 0.147 
Dimensionless speed 0.11 0.14 0.75 0.56 0.458 

Count 0.00 0.00 1.59 2.54 0.114 
Dimensionless speed 𝐶𝐶𝐶𝐶∗ 0.26 0.05 4.77 22.72 < 0.001 

Mass -0.04 0.05 -0.83 0.68 0.413 
Contact time -0.10 0.19 -0.51 0.26 0.609 

Timing of 
peak 

braking 
force 𝐶𝐶𝐶𝐶∗ 

(Intercept) 1.43 0.12 - 
Golgi tendon organ morphology 0.33 0.08 4.39 19.27 < 0.001 

Substrate 0.17 0.07 2.49 6.22 0.016 
Dimensionless speed -0.06 0.11 -0.57 0.32 0.573 

Count 0.00 0.00 0.69 0.48 0.491 
Dimensionless speed 𝐶𝐶𝐶𝐶∗ 0.09 0.04 2.17 4.70 0.032 

Mass -0.14 0.04 -3.17 10.08 0.002 
Contact time 0.24 0.15 1.59 2.52 0.116 

Timing of 
braking to 
propulsive 
transition 
𝐶𝐶𝐶𝐶∗ 

(Intercept) 1.12 0.12 - - - 
Golgi tendon organ morphology 0.39 0.07 5.49 27.62 < 0.001 

Substrate 0.40 0.06 6.25 34.45 < 0.001 
Dimensionless speed -0.19 0.11 -1.73 2.67 0.11 

Count 0.00 0.00 0.48 0.29 0.59 
Dimensionless speed 𝐶𝐶𝐶𝐶∗ 0.05 0.04 1.26 1.77 0.19 

Mass -0.17 0.04 -4.03 13.81 < 0.001 
Contact time 0.09 0.15 -.61 0.28 0.60 

Timing of 
peak 

(Intercept) 0.78 0.13 - - - 
Golgi tendon organ morphology 0.40 0.07 5.84 34.09 < 0.001 
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propulsive 
force 𝐶𝐶𝐶𝐶∗ 

Substrate 0.35 0.06 5.84 34.05 < 0.001 
Dimensionless speed -0.19 0.11 -1.78 3.16 0.083 

Count 0.00 0.00 -0.27 0.07 0.788 
Dimensionless speed 𝐶𝐶𝐶𝐶∗ 0.14 0.05 2.69 7.25 0.008 

Mass -0.12 0.04 -2.94 8.66 0.005 
Contact time 0.05 0.15 0.36 0.13 0.722 

Timing of 
peak 

medial 
force 𝐶𝐶𝐶𝐶∗ 

(Intercept) 1.80 0.16 - - - 
Golgi tendon organ morphology 0.22 0.10 2.31 5.32 0.025 

Substrate 0.03 0.09 0.33 0.11 0.743 
Dimensionless speed -0.06 0.15 -0.43 0.19 0.668 

Count 0.00 0.00 0.98 0.96 0.329 
Dimensionless speed 𝐶𝐶𝐶𝐶∗ -0.11 0.06 -1.88 3.53 0.062 

Mass 0.02 0.06 0.30 0.09 0.762 
Contact time 0.01 0.20 0.04 0.00 0.967 

Timing of 
peak lateral 
force 𝐶𝐶𝐶𝐶∗ 

(Intercept) 1.97 0.12 - - - 
Golgi tendon organ morphology -0.10 0.06 -1.75 3.06 0.087 

Substrate 0.33 0.05 6.24 38.95 < 0.001 
Dimensionless speed 0.07 0.09 0.79 0.63 0.433 

Count 0.00 0.00 2.53 6.38 0.015 
Dimensionless speed 𝐶𝐶𝐶𝐶∗ -0.13 0.05 -2.72 7.42 0.007 

Mass -0.07 0.04 -1.85 3.42 0.071 
Contact time 0.48 0.13 3.77 14.20 < 0.001 

Timing of 
peak 

vertical 
force 𝐶𝐶𝐶𝐶∗ 

(Intercept) 1.59 0.15 - - - 
Golgi tendon organ morphology 0.01 0.09 0.13 0.02 0.896 

Substrate -0.09 0.08 -1.11 1.23 0.273 
Dimensionless speed 0.06 0.14 0.41 0.17 0.682 

Count 0.00 0.00 1.09 1.18 0.280 
Dimensionless speed 𝐶𝐶𝐶𝐶∗ -0.03 0.05 -0.60 0.36 0.547 

Mass -0.13 0.05 -2.56 6.53 0.013 
Contact time 0.24 0.18 1.36 1.84 0.179 

-Information not pertinent. 
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Table S2:  Evolutionary models fit to log10 limb loading and stride cycle CV* with intraspecific sampling included in the 

model.  Bolded models have the most support.  Values presented are mean ± standard deviation based on running the analysis on 100 

trees to account for phylogenetic uncertainty. Variables defined as follows: σ2 = Brownian motion rate parameter, α = strength of pull 

towards trait optimum under OU model, T1/2 = phylogenetic half-life, θ = trait optima.  Models as follows:  BM1 = single rate 

Brownian motion, BM-M = two rate Brownian motion, OU-1 = single optimum Ornstein-Uhlenbeck, OU-M = two optima Ornstein-

Uhlenbeck. 

Variable Model σ α T1/2 θ 
Akaike’s 

information 
criterion 

Akaike 
Weights 

Peak braking 
force CV* 

BM1 1.7e-04±6.4e-07 1.5±0.00 78.1±0.02 0.21±0.00 
BM-M 1.5e-11±3.1e-11 

5.0e-04±2.9e-06 
1.7±0.00 77.1±0.04 0.34±0.00 

OU-1 6.0e-04±2.6e-06 0.0077±0.00003 90 1.5±0.00 79.0±0.03 0.13±0.00 
OU-M 3.9e-04±2.1e-06 0.0110±0.00005 63 1.7±0.00 1.2±0.00 77.2±0.01 0.32±0.00 

Peak 
propulsive 
force CV* 

BM1 9.5e-19±9.4e-18 1.5±0.00  48.3±0.00 0.56±0.00 
BM-M 1.7e-16±6.6e-16 

1.9e-15±1.1e-14 
1.5±0.00  50.5±0.00 0.18±0.00 

OU-1 5.3e-21±5.7e-21 0.0084±0.00002 83 1.5±0.00  50.5±0.00 0.18±0.00 
OU-M 3.4e-13±9.4e-13 1.2e-8±1.6e-8 5.8e7 1.5±0.00, 

1.4e5±2.0e5 
52.4±0.00 0.07±0.00 

Peak medial 
force CV* 

BM1 2.5e-19±1.7e-18 1.7±0.00 64.1±0.00 0.57±0.00 
BM-M 2.3e-15±6.9e-15 

4.8e-15±1.0e-14 
1.7±0.00 66.3±0.00 0.19±0.00 

OU-1 7.9e-22 ±1.6e-22 0.0073±6.0e-6 95 1.7±0.00 66.3±0.00 0.19±0.00 
OU-M 3.4e-12±7.6e-12 1.2e-8±1.8e-8 5.8e7 1.7±0.00 

-3.1e5±3.8e+05 
68.5±0.00 0.06±0.00 

BM1 3.7e-17 ± 3.6e-16   1.6±0.00 55.0±0.00 0.57±0.00 
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Peak lateral 
force CV* 

BM-M 6.2e-16 ±2.3e-15 
7.3e-16 ±1.8e-15 

1.6±0.00 57.3±0.00 0.19±0.00 

OU-1 4.1e-20 ±2.9e-20 0.0074±3.8e-6 94 1.6±0.00 57.3±0.00 0.19±0.00 
OU-M 3.8e-13±2.1e-12 9.5e-9±8.7e-9 7.2e7 1.7±0.00, 

-1.9e5±2.2e5 
59.5±0.00 0.06±0.00 

Peak vertical 
force CV* 

BM1 5.6e-05±4.3e-07 1.1±0.00 29.5±0.03 0.23±0.00 
BM-M 5.2e-12±9.5e-12 

3.0e-04±3.6e-06 
1.0±0.00 28.0±0.06 0.50±0.01 

OU-1 5.6e-05±3.2e-07 2.2e-6±3.8e-6 3.2e5 1.1±0.00 31.7±0.03 0.08±0.00 
OU-M 1.5e-10±2.3e-10 1.4e-8±2.5e-8 5.0e7 0.7±0.00, 

1.7e6±1.9e6 
29.9±0.00 0.19±0.00 

Timing of 
peak braking 
force CV* 

BM1 3.8e-05±2.1e-07 1.5±0.00 65.5±0.01 0.33±0.00 
BM-M 3.6e-13±1.7e-12 

1.4e-04±4.9e-06 
1.6±0.00 67.5±0.05 0.12±0.00 

OU-1 2.6e-04±8.4e-06 0.0099±0.150 70 1.5±0.00 67.1±0.02 0.15±0.00 
OU-M 2.1e-10±1.5e-09 0.0003±0.012 2.3e3 1.7±0.00, 1.4±0.00 65.1±0.00 0.40±0.00 

Timing of 
braking to 
propulsive 
transition 

CV* 

BM1 7.3e-05  ±7.7e-07 1.3±0.00 64.1±0.03 0.19±0.00 
BM-M 6.1e-05±5.0e-05  

1.2e-04±1.2e-04 
1.3±0.03 66.0±0.33 0.07±0.01 

OU-1 8.1e-02 ±1.8e-01 1.2±2.7 0.6 1.2±0.00 63.3±0.03 0.28±0.00 
OU-M 6.2e-02±1.3e-01 1.1±2.4 0.6 1.4±0.00, 1.2±0.00 62.3±0.01 0.45±0.01 

Timing of 
peak 

propulsive 
force CV* 

BM1 0.00057±1.6e-05 1.2±0.00 71.1±0.59 0.00±0.00 
BM-M 0.00009±3.1e-06 

0.00097±3.6e-05 
1.2±0.00 68.7±0.55 0.01±0.00 

OU-1 0.17000±3.1e-01 1.4±2.6 0.5 1.1±0.00 60.0±0.19 0.48±0.01 
OU-M 0.33000±8.3e-01 3.0±7.4 0.2 1.3±0.00, 1.1±0.00 59.9±0.15 0.51±0.01 

Timing of 
peak medial 
force CV* 

BM1 1.5e-19±1.4e-18   1.7±0.00 76.3±0.00 0.54±0.02 
BM-M 1.4e-11± 3.4e-11 

1.1e-05± 1.0e-05 
 1.7±0.00 78.5±0.01 0.18±0.02 

OU-1 4.9e-18 ±8.1e-18 0.008±0.00001 87 1.7±0.00 78.5±0.00 0.18±0.00 
OU-M 3.2e-10±1.8e-09 0.120±0.018 6 1.8±0.00, 1.7±0.00 79.6±0.00 0.11±0.00 
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Supplemental Fig. 3. Scatterplots of 

the log-transformed species-mean 

coefficient of variation (𝑪𝑪𝑪𝑪∗) of stride 

cycle duration as a function of log-

transformed 𝑪𝑪𝑪𝑪∗ of (A) braking peak 

force, (B) propulsive peak force, (C) 

medial peak force, (D) lateral peak 

force, (E) vertical peak force, (F) 

timing of braking peak force, (G) 

timing of the braking to propulsive 

transition, (H) timing of propulsive 

peak force, (I) timing of medial peak 

force, (J) timing of lateral peak force, 

and (K) timing of vertical peak force. 

There is a significant relationship 

between 𝐶𝐶𝐶𝐶∗ of stride cycle duration 

and peak propulsive force 𝐶𝐶𝐶𝐶∗ (y = 

0.29x + 0.81; P = 0.009), peak vertical 

force 𝐶𝐶𝐶𝐶∗ (y = 0.35x + 0.84; P = 0.005) 

and the timing of peak lateral force 𝐶𝐶𝐶𝐶∗ 

(y = -0.29x + 1.74; P = 0.016). The 

solid line in each graph represents the 

best fit line. Species with encapsulated 

Golgi tendon organs (GTO) are 

illustrated as black circles and species 

with unencapsulated GTOs are red 

triangles.   
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