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Potential negative impact of devices 

- Aberrant behaviours

- Physical injuries c

Eg: device-induced behaviours a

altered foraging behaviour b

a Wilson  & Wilson 1989 b Phillips et al 2003 c Buehler et al 1995

© Cathal McNaughton



Potential negative impact of devices 

- Compromised energetics

Swimming performance 

of penguins

Saraux et al 2011, Nature 2011

© Mark Powell

©Greg Marshall



To date ïwe tend to use the ñ3% ruleò (Kenward 2001)

Modified from shortpumppreppy.com



Weight

Thrust

Lift

Drag

4 primary forces

To examine the effects of payload on the energetics 

of flying seabirds



Determining birds energetics for flight is hard (impossible?)



Flight program* of Prof. Pennycuick

To model flight performance of birds

*New version of the freeware available online at http://books.elsevier.com/companions/9780123742995

Based on aerodynamic rules (can be applied

to particular birds and situations)

Simulation of payload effect







Variation in the mechanical power at Vmp

80 seabird species from 8 families

Payload masses from 0 to 5% of the body mass

Vmp: The speed for minimum mechanical power



~ 5% increase

3% increase

< 2%BM



Intercept: 

Pre-existing

differences in 

energy 

expenditure  

when flying 

encumbered

Gradient: 

differences in the 

degree of impact of 

the payload mass
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Load in percent of the body mass


