[bookmark: _Ref424805603][bookmark: _GoBack]S1 Text. Additional methods for heat transfer calculation
In controlled conditions radiative heat transfer takes place from the bird to the environment and from the wall of the chamber to the environment. Radiative heat exchange can be calculated for each of the body parts of the bird with the following formula: 
[image: ]
Where A (m-2) represents the surface area of each body part, σ is the Stefan-Boltzmann constant (5.67 x10-8 Wm-2K-1), ɛa is the emissivity of bird plumage (0.95) and ɛw is the emissivity of the white plastic walls of the bird chamber (0.84). Ts and Tw are the radiative surface temperature of the surface of the body part and the surface of the wall (°K). A small fan in the chamber provided the bird with fresh air and prevented a decrease in oxygen levels and an anemometer recorded air flow in the chamber during the experiment. The movement of air caused by the fan did not create a measurable air flow and therefore convective heat transfer occurred via free convection and was calculated as:
[image: ]

Whereby A (m2) represents the surface area of each body part, Ts is the surface temperature of the body part (°K) and Ta is the air temperature (°K). hc is the convective heat transfer coefficient and can be calculated as follows:
[image: ]
k represents the thermal conductivity of air, determined at each Ta (W m-2 °K-1), d (m) is the characteristic dimension of each body part and Nu is the dimensionless Nusselt number. The Nusselt number is a measure of the ratio of buoyant to viscous forces and is dependent on the shape of the characteristic body part [1]. In order to measure the conductive heat loss, the temperature difference between the bird and any object it touches needs to be taken into account. During this experiment the bird body only came into contact with the perch via the feet. We ignored conductive heat loss, because of the low conductivity of wood (0.12 W m-2K-1) and small surface contact of the feet on the perch. We did not attempt to measure evaporative heat loss in this study, but instead we recorded the chamber temperature at which the bird initiated panting behaviour. Panting, or buccopharyngeal evaporative water loss, coincides with other evaporative routes like cutaneous and cloacal heat loss [2]. The total heat loss from the hornbill body was therefore only calculated below the panting initiation temperature as the sum of the radiative and conductive heat transfer:
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