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Fig. 3. Modeling of simultaneous aerobic and non-aerobic costs of fish schools and solitary 999 

fish for a critical swimming speed (Ucrit) test. (A) Modeling the O2 cost of the metabolic rate 1000 

(ṀO2)-speed curve and the ensuing recovery cost (excess post-exercise oxygen consumption, 1001 

EPOC) as a function of speed. After Ucrit, fish returned to the same resting ṀO2 (ṀO2rest) as a 1002 

pre-test. (B, C) In addition to ṀO2 (solid line & filled symbols), we modeled the total O2 cost 1003 

(dash line & half-filled symbols) for fish schools and solitary fish and when performing the Ucrit 1004 

swimming test. The estimated partitioning of aerobic and non-aerobic contributions to swimming 1005 

are denoted (red-&-bold) with respect to speed for 4–8 BL s-1 is shown below each graph. (D, E) 1006 

Using total O2 cost, we computed total energy expenditure (10-min period per point) and the 1007 

total cost of transport (including both aerobic metabolism, high-energy phosphate, and anaerobic 1008 

glycolysis) for both fish schools and solitary fish. Statistical significance is denoted by 1009 

asterisk(s). Green colour = school data (n=5); blue colour = solitary fish data (n=5); shading 1010 

indicates the 95% confidence interval. See methods for modeling and statistical details. 1011 
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Fig. 4. Three-dimensional characterization of swimming kinematics and fish schooling 1013 

dynamics as a function of speed. (A) Total energy expenditure (TEE) per tail beat, (B) Tail beat 1014 

frequency, (C) The angle of fish to free-stream water flow, measured as the mean and the S.D. of 1015 

the angles of the individuals within the school. (D) Three-dimensional angle of fish to the frontal 1016 

plane. (E) Turning frequency, (F) Three-dimensional school length. (G) Three-dimensional 1017 

distances among all individuals in the school and the S.D. of the distance. The upper and lower 1018 

boundaries of the metrics are indicated. Statistical significance is denoted by asterisk(s). Green 1019 

colour = school data (n=3-4); blue colour = solitary fish data (n=3-4); shading indicates the 95% 1020 

confidence interval.  See methods for details of three-dimensional reconstruction and statistics. 1021 
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