
 

 

Fig. S1. Modelling non-caudal fins with right triangles. (A) basic geometry; (B) strip 

positioning and definition; (C) covering both sides of a fin with strips for shear stress 

integration. 
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Fig. S2. Modelling caudal fins with right triangles. Top left: basic triangle ans strip 

dimensions; bottom right: location of the swept fin. 
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Table S1. Data on the body composition and density for all marine elasmobranchs, excluding deep-sea sharks and basking sharks 
studied by by Bone and Roberts (1970) and Baldridge Jr (1970) in marine waters used in the analysis of liver scaling and density 
according to lifestyle and habitat. 

Species Life 
Style 

Mass (g) Submerged 
Weight (g) 

Wsub 
/Mass 
*100 

Liver 
Mass 

% Liver 
mass 

Whole 
Animal 

Volume (ml) 

Liver 
Volume 

(ml) 

% Liver 
Volume 

Liver 
Density  

(kg/m^3) 

Whole 
Animal 
Density 
(kg/m^3) 

Lean 
Tissue 
Density  

(kg/m^3) 
Squalus Acanthias bentho-

pelagic 1,545.00 43.00 2.78 141.30 9.10 1,463.22 145.74 9.96 969.55 1,055.89 1,065.44 

Squalus Acanthias bentho-
pelagic 1,627.00 43.00 2.64 161.80 10.00 1,543.11 166.49 10.79 971.84 1,054.37 1,064.35 

Squalus Acanthias bentho-
pelagic 4,017.00 100.00 2.49 252.60 6.30 3,815.88 249.88 6.55 1,010.89 1,052.71 1,055.64 

Squalus Acanthias bentho-
pelagic 1,707.00 50.00 2.93 142.00 8.30 1,614.22 144.86 8.97 980.25 1,057.47 1,065.09 

Squalus Acanthias bentho-
pelagic 5,152.00 127.00 2.47 540.70 10.50 4,895.28 562.88 11.50 960.59 1,052.44 1,064.38 

Squalus Acanthias bentho-
pelagic 1,362.00 44.50 3.27 97.90 7.20 1,283.49 100.54 7.83 973.78 1,061.17 1,068.60 

Squalus Acanthias bentho-
pelagic 1,528.00 36.00 2.36 194.10 12.70 1,453.48 202.14 13.91 960.21 1,051.27 1,065.98 

Scyliorhinus canicula demersal 323.80 15.00 4.63 8.90 2.80 300.83 8.63 2.87 1,031.13 1,076.36 1,077.70 

Scyliorhinus canicula demersal 789.00 35.50 4.50 49.20 6.20 734.05 48.70 6.63 1,010.28 1,074.86 1,079.45 

Scyliorhinus canicula demersal 594.70 27.00 4.55 52.90 8.90 553.04 54.12 9.79 977.53 1,075.32 1,085.93 

Scyliorhinus canicula demersal 366.50 17.50 4.78 14.80 4.00 339.99 14.61 4.30 1,012.81 1,077.97 1,080.90 

Scyliorhinus canicula demersal 314.10 16.50 5.25 16.90 5.40 289.92 16.59 5.72 1,018.66 1,083.41 1,087.34 

Scyliorhinus canicula demersal 334.70 16.50 4.93 14.00 4.20 309.99 14.03 4.53 997.99 1,079.73 1,083.60 

Scyliorhinus canicula demersal 649.50 30.00 4.62 35.40 5.50 603.51 35.86 5.94 987.18 1,076.21 1,081.83 
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Scyliorhinus canicula demersal 476.10 23.00 4.84 19.40 4.10 441.40 19.22 4.35 1,009.33 1,078.61 1,081.76 

Scyliorhinus canicula demersal 408.30 18.00 4.41 27.70 6.80 380.22 27.96 7.35 990.73 1,073.84 1,080.44 

Scyliorhinus canicula demersal 559.60 23.50 4.20 28.80 5.20 522.26 29.32 5.61 982.17 1,071.50 1,076.81 

Scyliorhinus canicula demersal 469.00 22.00 4.70 32.80 7.00 435.46 33.02 7.58 993.19 1,077.02 1,083.90 

Scyliorhinus canicula demersal 397.40 21.50 5.41 13.40 3.40 366.20 13.06 3.57 1,025.73 1,085.21 1,087.41 

Scyliorhinus canicula demersal 942.10 35.50 3.77 106.00 11.30 883.20 108.41 12.27 977.79 1,066.69 1,079.13 

Scyliorhinus canicula demersal 672.80 26.00 3.87 28.70 4.30 630.10 29.09 4.62 986.62 1,067.76 1,071.69 

Scyliorhinus canicula demersal 439.80 19.50 4.43 11.50 2.60 409.45 11.51 2.81 998.71 1,074.12 1,076.31 

Scyliorhinus canicula demersal 729.50 27.00 3.71 55.30 7.60 684.36 56.63 8.27 976.53 1,065.95 1,074.02 

Scyliorhinus canicula demersal 1,167.00 47.00 4.03 130.40 12.00 1,091.09 133.85 12.27 974.20 1,069.58 1,082.91 

Mustelus Asterias bentho-
pelagic 2,050.00 78.50 3.83 154.70 7.20 1,920.60 156.75 8.16 986.95 1,067.37 1,074.52 

Mustelus Asterias bentho-
pelagic 2,520.00 98.00 3.89 186.20 7.40 2,359.47 190.65 8.08 976.67 1,068.03 1,076.07 

Mustelus Asterias bentho-
pelagic 762.50 30.00 3.94 35.30 4.60 713.59 35.36 4.96 998.22 1,068.54 1,072.21 

Mustelus Asterias bentho-
pelagic 599.00 27.50 4.59 23.50 3.90 556.75 22.99 4.13 1,022.15 1,075.89 1,078.21 

Galeorhinus galeus Pelagic 544.00 15.50 2.85 49.50 9.10 514.86 49.39 9.59 1,002.20 1,056.61 1,062.38 

Galeorhinus galeus Pelagic 17,160.00 710.00 4.14 1,232.00 7.20 16,025.33 1,216.85 7.59 1,012.45 1,070.80 1,075.60 

Galeorhinus galeus Pelagic 629.00 24.00 3.82 33.60 5.30 589.38 36.14 6.13 929.66 1,067.22 1,076.21 

Galeorhinus galeus Pelagic 1,520.00 49.00 3.22 126.90 8.40 1,433.02 128.11 8.94 990.59 1,060.69 1,067.58 
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Prionace glauca Pelagic 10,442.00 342.00 3.28 535.80 5.10 9,839.26 520.21 5.29 1,029.96 1,061.26 1,063.01 

Prionace glauca Pelagic 8,172.00 280.00 3.43 475.80 5.80 7,688.26 468.78 6.10 1,014.98 1,062.92 1,066.03 

Prionace glauca Pelagic 32,574.00 535.00 1.64 3,350.00 10.30 31,211.89 3,436.53 11.01 974.82 1,043.64 1,052.16 

Prionace glauca Pelagic 15,900.00 340.00 2.14 1,615.00 10.20 15,158.30 1,641.50 10.83 983.86 1,048.93 1,056.83 

Prionace glauca Pelagic 38,045.00 930.00 2.44 3,156.00 8.30 36,156.84 3,172.92 8.78 994.67 1,052.22 1,057.76 

Prionace glauca Pelagic 38,363.00 700.00 1.83 4,102.00 10.70 36,690.70 4,151.97 11.32 987.96 1,045.58 1,052.93 

Squatina squatina demersal 6,946.00 480.00 6.91 190.30 2.80 6,299.07 179.83 2.85 1,058.20 1,102.70 1,104.01 

Squatina squatina demersal 4,510.00 235.00 5.21 176.80 3.90 4,164.64 175.63 4.22 1,006.69 1,082.93 1,086.28 

Squatina squatina demersal 14,950.00 770.00 5.15 824.00 5.50 13,813.93 815.73 5.91 1,010.13 1,082.24 1,086.77 

Squatina squatina demersal 653.60 31.00 4.74 20.60 3.20 606.53 19.51 3.22 1,055.71 1,077.61 1,078.34 

Squatina squatina demersal 4,350.00 260.00 5.98 148.50 3.40 3,984.41 140.19 3.52 1,059.31 1,091.75 1,092.94 

Squatina squatina demersal 4,227.00 229.00 5.42 114.40 2.70 3,894.79 107.86 2.77 1,060.62 1,085.30 1,086.00 

Lamna nasus Pelagic 19,520.00 830.00 4.25 1,218.00 6.20 18,207.50 1,191.98 6.55 1,021.83 1,072.09 1,075.61 

Lamna nasus Pelagic 47,800.00 1,332.00 2.79 2,820.00 5.90 45,268.39 2,811.50 6.21 1,003.02 1,055.92 1,059.43 

Lamna nasus Pelagic 38,100.00 933.50 2.45 2,557.00 6.70 36,207.01 2,559.18 7.07 999.15 1,052.28 1,056.32 

Scyliorhinus stellaris demersal 4,357.00 216.30 4.97 455.30 10.50 4,033.80 462.93 11.48 983.51 1,080.12 1,092.65 

Scyliorhinus stellaris demersal 46.70 2.57 5.51 0.81 1.70 42.99 0.80 1.86 1,013.98 1,086.28 1,087.65 

Scyliorhinus stellaris demersal 21.30 0.96 4.51 1.09 5.10 19.81 1.03 5.21 1,055.55 1,074.95 1,076.01 
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Dasyiatis pastinaca demersal 518.70 15.90 3.07 21.80 4.20 489.82 21.70 4.43 1,004.84 1,058.96 1,061.47 

Raja clavata demersal 3,950.00 175.50 4.44 198.40 5.00 3,677.06 198.73 5.40 998.32 1,074.23 1,078.57 

Raja clavata demersal 4,313.00 260.00 6.03 249.00 5.80 3,948.37 245.90 6.23 1,012.59 1,092.35 1,097.65 

Raja clavata demersal 3,860.00 151.00 3.92 255.60 6.60 3,613.25 260.05 7.20 982.89 1,068.29 1,074.91 

Raja clavata demersal 190.60 14.50 7.61 6.50 3.40 171.55 6.26 3.65 1,037.67 1,111.02 1,113.80 

Raja mantagui demersal 2,446.00 113.50 4.64 139.70 5.70 2,272.28 139.48 6.14 1,001.55 1,076.45 1,081.35 

Raja mantagui demersal 149.50 7.63 5.10 2.70 1.80 138.21 2.55 1.85 1,057.84 1,081.71 1,082.16 

Raja mantagui demersal 202.60 10.50 5.18 4.10 2.00 187.14 3.86 2.06 1,062.25 1,082.61 1,083.04 

Raja mantagui demersal 51.40 2.20 4.28 1.10 2.10 47.93 1.04 2.17 1,055.28 1,072.40 1,072.78 

R microcellata demersal 5,860.00 280.00 4.78 279.30 4.80 5,435.95 277.16 5.10 1,007.74 1,078.01 1,081.78 

Galeocerdo cuvier Pelagic 39,100.00 1,320.00 3.38 1,760.00 4.50 37,082.70 1,760.00 4.75 1,000.00 1,054.40 1,057.11 

Galeocerdo cuvier Pelagic 22,900.00 553.00 2.41 1,406.50 6.14 21,811.60 1,450.00 6.65 970.00 1,049.90 1,055.59 

Galeocerdo cuvier Pelagic 18,600.00 531.00 2.85 1,243.62 6.69 17,677.25 1,260.00 7.13 987.00 1,052.20 1,057.20 

Galeocerdo cuvier Pelagic 34,200.00 1,150.00 3.36 2,330.46 6.81 32,282.42 2,420.00 7.50 963.00 1,059.40 1,067.21 

Galeocerdo cuvier Pelagic 55,200.00 1,390.00 2.52 3,906.98 7.08 52,516.41 4,130.00 7.86 946.00 1,051.10 1,060.07 

Galeocerdo cuvier Pelagic 31,700.00 986.00 3.11 2,472.57 7.80 29,965.03 2,490.00 8.31 993.00 1,057.90 1,063.78 

Galeocerdo cuvier Pelagic 71,900.00 2,060.00 2.87 5,934.48 8.25 68,209.85 6,260.00 9.18 948.00 1,054.10 1,064.82 

Galeocerdo cuvier Pelagic 40,800.00 1,090.00 2.67 4,144.98 10.16 38,801.71 4,260.00 10.98 973.00 1,051.50 1,061.18 
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Galeocerdo cuvier Pelagic 55,000.00 1,210.00 2.20 5,638.68 10.25 52,495.94 6,210.00 11.83 908.00 1,047.70 1,066.44 

Galeocerdo cuvier Pelagic 251,200.00 3,170.00 1.26 34,431.70 13.71 248,221.34 38,300.00 15.43 899.00 1,012.00 1,032.62 

Galeocerdo cuvier Pelagic 186,900.00 2,550.00 1.36 26,077.50 13.95 179,849.88 28,500.00 15.85 915.00 1,039.20 1,062.59 

Galeocerdo cuvier Pelagic 460,300.00 3,500.00 0.76 69,541.50 15.11 447,110.25 77,700.00 17.38 895.00 1,029.50 1,057.79 

Galeocerdo cuvier Pelagic 108,400.00 1,670.00 1.54 17,743.90 16.37 104,290.94 19,100.00 18.31 929.00 1,039.40 1,064.15 

Negaprion brevirostris Pelagic 136,100.00 5,230.00 3.84 16,100.00 11.83 128,287.30 17,274.68 13.47 932.00 1,060.90 1,080.96 

Negaprion brevirostris Pelagic 108,500.00 5,460.00 5.03 5,490.00 5.06 101,734.65 5,573.60 5.48 985.00 1,066.50 1,071.22 

Negaprion brevirostris Pelagic 108,200.00 4,280.00 3.96 12,800.00 11.83 101,988.88 13,646.06 13.38 938.00 1,060.90 1,079.88 

Negaprion brevirostris Pelagic 93,000.00 4,870.00 5.24 6,170.00 6.63 86,495.54 6,407.06 7.41 963.00 1,075.20 1,084.18 

Negaprion brevirostris Pelagic 107,000.00 4,500.00 4.21 10,900.00 10.19 100,441.19 11,546.61 11.50 944.00 1,065.30 1,081.06 

Carcharhinus plumbeus Pelagic 61,200.00 2,560.00 4.18 6,490.00 10.60 57,265.84 6,774.53 11.83 958.00 1,068.70 1,083.55 

Carcharhinus plumbeus Pelagic 66,400.00 2,610.00 3.93 8,840.00 13.31 62,312.31 9,305.26 14.93 950.00 1,065.60 1,085.89 

Carcharhinus plumbeus Pelagic 62,100.00 2,850.00 4.59 4,400.00 7.09 57,923.70 4,512.82 7.79 975.00 1,072.10 1,080.30 

Carcharhinus plumbeus Pelagic 60,800.00 1,780.00 2.93 7,570.00 12.45 57,564.86 7,918.41 13.76 956.00 1,056.20 1,072.18 

Carcharhinus plumbeus Pelagic 52,200.00 2,190.00 4.20 4,810.00 9.21 48,771.37 4,979.30 10.21 966.00 1,070.30 1,082.16 

Carcharhinus plumbeus Pelagic 62,600.00 2,380.00 3.80 9,800.00 15.65 58,735.22 10,392.36 17.69 943.00 1,065.80 1,092.20 

Carcharhinus plumbeus Pelagic 69,800.00 2,350.00 3.37 12,900.00 18.48 65,786.99 13,679.75 20.79 943.00 1,061.00 1,091.98 

Sphyrna tiburo Pelagic 1,380.00 70.30 5.09 31.00 2.25 1,280.03 29.52 2.31 1,050.00 1,078.10 1,078.76 
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Sphyrna tiburo Pelagic 2,000.00 113.00 5.65 51.70 2.59 1,844.00 50.69 2.75 1,020.00 1,084.60 1,086.43 

Mustelus norrissi bentho-
pelagic 896.00 43.00 4.80 44.20 4.93 832.25 47.27 5.68 935.00 1,076.60 1,085.13 

Mustelus norrissi bentho-
pelagic 876.00 41.90 4.78 46.70 5.33 813.98 48.24 5.93 968.00 1,076.20 1,083.02 

Carcharhinus obscurus Pelagic 238,300.00 4,450.00 1.87 49,400.00 20.73 228,541.29 52,553.19 23.00 940.00 1,042.70 1,073.37 

Carcharhinus obscurus Pelagic 188,900.00 5,030.00 2.66 27,200.00 14.40 179,341.12 28,661.75 15.98 949.00 1,053.30 1,073.14 

Carcharhinus obscurus Pelagic 5,500.00 116.00 2.11 1,040.00 18.91 5,254.61 1,121.90 21.35 927.00 1,079.19 1,079.19 

Carcharhinus obscurus Pelagic 5,580.00 116.00 2.08 1,080.00 19.35 5,332.57 1,161.29 21.78 930.00 1,078.81 1,078.81 

Carcharhinus obscurus Pelagic 6,580.00 345.00 5.24 260.00 3.95 6,108.43 260.00 4.26 1,000.00 1,077.20 1,080.63 

Carcharhinus obscurus Pelagic 4,410.00 227.00 5.15 219.00 4.97 4,085.60 220.77 5.40 992.00 1,079.40 1,084.39 

Carcharhinus leucas Pelagic 172,700.00 5,220.00 3.02 25,800.00 14.94 164,054.34 27,243.93 16.61 947.00 1,052.70 1,073.75 

Carcharhinus leucas Pelagic 127,900.00 4,890.00 3.82 13,000.00 10.16 120,501.22 13,698.63 11.37 949.00 1,061.40 1,075.82 

Carcharhinus leucas Pelagic 123,800.00 5,140.00 4.15 13,900.00 11.23 116,233.22 14,464.10 12.44 961.00 1,065.10 1,079.90 

Carcharhinus leucas Pelagic 117,900.00 4,150.00 3.52 16,500.00 13.99 111,236.91 17,497.35 15.73 943.00 1,059.90 1,081.72 

Carcharhinus leucas Pelagic 57,100.00 2,800.00 4.90 2,420.00 4.24 53,304.71 2,372.55 4.45 1,020.00 1,071.20 1,073.59 

Carcharhinus leucas Pelagic 118,400.00 5,020.00 4.24 7,570.00 6.39 111,288.65 7,820.25 7.03 968.00 1,063.90 1,071.15 

Sphyrna mokarran Pelagic 37,600.00 1,840.00 4.89 1,440.00 3.83 35,055.01 1,441.44 4.11 999.00 1,072.60 1,075.76 

Sphyrna mokarran Pelagic 141,000.00 6,660.00 4.72 13,400.00 9.50 131,321.60 13,914.85 10.60 963.00 1,073.70 1,086.82 

Carcharhinus falciformis Pelagic 3,760.00 181.00 4.81 161.00 4.28 3,500.28 157.84 4.51 1,020.00 1,074.20 1,076.76 
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Carcharhinus falciformis Pelagic 6,490.00 327.00 5.04 246.00 3.79 6,023.76 246.00 4.08 1,000.00 1,077.40 1,080.70 

Rhizoprionodon 
terranoeva Pelagic 976.00 50.80 5.20 40.10 4.11 904.79 39.31 4.35 1,020.00 1,078.70 1,081.37 

Carcharhinus limbatus Pelagic 26,800.00 1,500.00 5.60 1,430.00 5.34 24,803.33 1,469.68 5.93 973.00 1,080.50 1,087.27 

Mustelus Asterias bentho-
pelagic 2,050.00 78.50 3.83 154.70 7.20 1,920.60 156.75 8.16 986.95 1,067.37 1,074.52 

Mustelus Asterias bentho-
pelagic 2,520.00 98.00 3.89 186.20 7.40 2,359.47 190.65 8.08 976.67 1,068.03 1,076.07 

Mustelus Asterias bentho-
pelagic 762.50 30.00 3.94 35.30 4.60 713.59 35.36 4.96 998.22 1,068.54 1,072.21 

Mustelus Asterias bentho-
pelagic 599.00 27.50 4.59 23.50 3.90 556.75 22.99 4.13 1,022.15 1,075.89 1,078.21 

Cephasciolum ventriosum demersal 1,521.00 63.00 4.14 105.00 6.90 1,420.36 101.32 7.13 1,036.37 1,070.85 1,073.50 
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Table S2. Fin morphometrics of a bull shark taken from the scientific drawings presented in 

Castro, 2011. The original data were for a 2 m total length animal (standard length = ~1.5m). All 

measurements were extracted using ImageJ. We scaled these measurements to an animal of 1m SL 

assuming isometry to conform with our density data. 

  1.5 m Standard Length 1 m Standard Length 

  Area (m
2
) Length (m) Chord (m) Area (m

2
) Length (m) Chord (m) 

Pectorals 0.045 0.372 0.205 0.020 0.248 0.137 

Dorsal 1 0.039 0.335 0.24 0.017 0.223 0.160 

Pelvic 0.007 0.101 0.106 0.003 0.067 0.071 

Dorsal 2 0.007 0.008 0.183 0.003 0.005 0.122 

Anal 0.006 0.15 0.078 0.003 0.100 0.052 

 

 

 

Table S3. Caudal Fin morphometrics of a Bull Shark taken from the scientific drawings presented 

in Castro, 2011. The original data were for a 2 m total length animal (standard length = ~1.5m). All 

measurements were extracted using ImageJ. We scaled these measurements to an animal of 1m SL 

assuming isometry. 

   
Upper Caudal Lobe 1.5 m Standard Length 1 m Standard Length TL 

FCA (m) 0.16 0.11 

FCB (m) 0.12 0.21 

h 0.25 0.17 

Lower Caudal Lobe   

FCA (m) 0.16 0.11 

FCB (m) 0.08 0.05 

h (m) 0.18 0.12 
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Table S4. Fin morphometrics of a smooth dogfish taken from the scientific drawings presented in 

Castro, 2011. The original data were for a 1.13 m total length animal. All measurements were extracted 

using ImageJ.  We scaled these measurements to a size of 0.44 m to correspond to the measurements of 

Andersen et al.. All scaling assumed isometry. 

  1.13m Total Length 0.44m Total Length 

  Area (m
2
) Length (m) Chord (m) Area (m

2
) Length (m) Chord (m) 

Pectorals 0.045 0.372 0.205 0.020 0.248 0.137 

Dorsal 1 0.039 0.335 0.24 0.017 0.223 0.160 

Pelvic 0.007 0.101 0.106 0.003 0.067 0.071 

Dorsal 2 0.007 0.008 0.183 0.003 0.005 0.122 

Anal 0.006 0.15 0.078 0.003 0.100 0.052 

 

 

 

Table S5. Caudal Fin morphometrics of a smooth dogfish taken from the scientific drawings presented 

in Castro, 2011. The original data were for a 1.13 m total length animal. All measurements were 

extracted using ImageJ.  We scaled these measurements to a size of 0.44 m to correspond to the 

measurements of Andersen et al. All scaling assumed isometry. 

   
Upper Caudal Lobe 1.13m TL 0.44m TL 

FCA (m) 0.077 0.030 

FCB (m) 0.118 0.046 

h 0.125 0.049 

Lower Caudal Lobe   

FCA (m) 0.077 0.030 

FCB (m) 0.08 0.031 

h (m) 0.23 0.090 
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