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Detailed Materials and methods 

The parkour athletes (traceurs) were recruited through the parkour companies Parkour Generations 

(London, UK) and EMP (Birmingham, UK). All participants were male. The study was undertaken in 

the Slater gymnasium at the University of Birmingham, U.K and at the Creation climbing centre in 

Moseley, U.K. Participants undertook some or all of four different activities: horizontal jumping, pole 

swaying, rope and ladder climbing. Each activity involved multiple conditions, which were designed 

to represent, within reason, the varying conditions experienced by great apes in the forest canopy. 

The jumping conditions were a short standing jump and a long standing jump. The swaying 

conditions were denoted by different pole stiffnesses to represent, within safety limits, a wide range 

of stiffnesses of trees that can be swayed sufficiently to bridge canopy gaps. A ladder simulates an 

ideal tree for climbing (evenly and conveniently spaced branches) while a rope represents the vines 

common in rainforests and often used by apes to gain height; their gripping feet facilitates the use of 

this vegetation for climbing. 

During these activities, rate of oxygen consumption (V’O2) was measured via a mobile respiratory 

gas analyser (Oxycon mobile, Viasys, Germany). At the end of each condition, participants were 

asked for their relative perceived exertion [RPE; 1, 2] towards the end of that period of activity. V’O2 

was converted to rate of energy expenditure i.e. power, in kJ, using a conversion of 20.1, assuming 

the metabolic substrate utilised was mainly carbohydrate [3]. 

Horizontal jumping 

Participants jumped at set distances of either 1.8 or 1.2 m for around four minutes, at a frequency of 

one jump every 5 s (0.2 Hz) by jumping on the beep of an electronic metronome. They jumped 



between springboards made firm by inserting a wooden chock between the top and bottom surfaces 

(stiffness = 881.3 N mm-1, damping ratio = 0.13). Pilot tests confirmed that (1) the relationship 

between V’O2 and jump rate is linear such that jump rate does not affect the calculated cost of 

oxygen consumption per jump, and (2) that V’O2 is linearly related to jump distance. 

Pole swaying 

Three 5 m fibreglass poles of differing thicknesses (92, 79.2 and 68.5 mm diameter) and thus 

differing flexural stiffness (19 744, 30 375 and 39 488 Nm2) were held vertically, one at a time, by 

attachment to a steel base plate of 5 m diameter, which was secured to a concrete floor. The poles 

were clamped within a 50 cm deep aluminium collar resulting in a free length of 4.5 m and 

horizontal stiffnesses at the tip of 1350, 1042 and 649 Nm-1. This range overlaps with the stiffness of 

natural supports orang-utans have been observed to use for tree-sway in Sumatra [4, 5]. Each pole 

included foot supports at 3 m height along the free length of the pole, and rubber grip tape at the 

top end where participants tended to choose to hold the pole. 

The participants climbed a ladder to scale the pole and stood on the foot supports. After a few sways 

to build momentum they then swayed the pole consistently to generate a steady amount of 

horizontal displacement for at least three minutes, using a method of their choosing. Up to three 

different conditions were recorded for each pole, represented by different amounts of displacement 

(low, medium and high). Amount of displacement was the choice of the participant, after discussions 

with the researchers to ensure that such displacement was significantly different to other conditions 

using the same pole and could be maintained for the required duration. Consistency of displacement 

over the duration of the condition was maintained where necessary by feedback from a researcher 

(SRLC) who was monitoring amount of displacement with the aid of markers placed on the wall 

behind the apparatus. Thus participants undertook up to nine pole sway conditions (i.e. up to three 

different amounts of displacement for three different poles). They were harnessed and attached to a 

belay throughout the activity and this was used to lower the participant to the ground after each 

condition. The order that participants undertook the conditions was randomised and they were able 

to practice in each condition before data collection started. 

Rope and ladder climbing 

Participants climbed up and down a 5 or 5.35 m rope, 36 mm in diameter, in a fashion of their own 

choosing. They repeated this without breaks as many times as possible (typically once but up to four 

times in certain instances). They did not touch the floor with their feet after starting to climb the 

rope until they had descended for the final time. Participants climbed a ladder set to be as vertical as 

possible (13 degrees), lashed to a girder at the top for safety, to the same height as the top of the 

rope. They then descended, repeating this cycle the same number of times as they had climbed and 

descended the rope. Thus for each participant, total vertical distance climbed was the same in the 

rope and the ladder conditions. 

Protocols for measuring energy expenditure 

For horizontal jumping and pole swaying, the participants were mainly metabolising aerobically, 

demonstrated by respiratory exchange ratios typically below 1, and RPE scores typically below 16 

[6]. Either the last 30 s or, more typically, 60 s of data in each condition were used to calculate mean 



V’O2 during the activity, since at this time V’O2 was confirmed to have plateaued indicating that the 

body had reached physiological steady state [7-9], normally after around 2 minutes as is typical for 

fit individuals [10-12]. V’O2 was converted to rate of oxygen consumption per metre (mL O2 m
-1) to 

represent energy expenditure. Such measures are considered to be an accurate representation of 

rate of energy expenditure during mainly aerobic activity. 

During high intensity climbing, such as climbing a rope, a noteworthy proportion of metabolic 

expenditure is anaerobic, as indicated by considerable increases in blood lactate levels [13]. Thus for 

this activity, V’O2 was recorded both during the activity and also during the entirety of the period 

afterwards during which excess post exercise oxygen consumption (EPOC) was exhibited. 

Furthermore, blood lactate levels were taken via finger prick blood samples before the activity and 

at 3, 5 and 7 minutes post activity to obtain a value approximating well to maximum blood lactate 

level reached [14-18]. Finally, participants were required to do a warm up on the rowing machine, 

this time for three minutes where for the first minute they undertook a stroke once every 5 s, for the 

second minute once every 4 s and for the final minute once every 3 s. To calculate rate of energy 

expenditure to rope climb, elevated oxygen consumption during the activity and oxygen 

consumption represented by the EPOC were calculated, along with an oxygen consumption 

equivalence of the maximum increase in lactate (mmol L-1) in response to the exercise [maximum 

recorded increase multiplied by body weight, multiplied by 3 mL of O2; 19]. The period of EPOC was 

considered to be over when V’O2 returned to below 500 ml O2 min-1 [20]. Total energy expenditure 

to climb was calculated as the sum of these three elements [20]. For consistency, the same protocol 

was applied to the ladder climb. 

 

 

Film clips of the participants undertaking gap cross activities are available as supplementary 

materials. File names: 

Swaying: ‘sway.mp4’ 

Rope climbing: ‘rope.mp4’ 

 

 

  



Details of re-analysis of dataset presented in Hanna et al. (2008) 

Figure 1A in Hanna et al. [21] was digitised using Plot Digitizer 2.6.3. The data were graphed as a 

scatter plot in Excel on log10 axes. The linear relationship was negative (R2 = 0.95; Supplementary 

Figure 1A). Climbing efficiency was calculated as defined in [21] as the net vertical mechanical work 

divided by the net metabolic cost. As would be expected mathematically, the log10 relationship 

between climbing efficiency and body mass was now positive and with exactly the same goodness of 

fit. Then, the data point in the dataset representing human climbing energy costs was replaced with 

a value calculated from the present dataset for climbing a ladder, and R2 recalculated (0.97). Finally, 

the human data point was then replaced with that from the present dataset for climbing a rope (R2 = 

0.07).  

 

Supplementary Figure 1. Log10 relationships between mass-specific energy costs to climb per unit 

distance and body mass, across primate species. A: data presented in Hannah et al. (2008) [21]; B: 

same data as present in (A) except that the data point for the energy cost of human vertical climbing 

(far right value) has been replaced with the value in the present study for climbing a ladder; C: the 

data point for the cost for human climbing is now represented by the value in the present study for 



climbing a rope. For all three panels, note that the y axis does not reach zero; it ranges between 1.6 

and 2.2.  
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