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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 – we tend to use the “3% rule” (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



Family Gradient

Terns (Sternidae) 0.07 ± 0.01

Storm-petrels (Hydrobatidae) 0.09 ± 0.01

Gulls (Laridae) 0.10 ± 0.02

Gannets, boobies (Sulidae) 0.10 ± 0.02

Albatrosses (Diomedeidae) 0.11 ± 0.01

Fulmarine and gadfly petrels, prions

and shearwaters (Procellariidae) 0.12 ± 0.01

Cormorants (Phalacrocoracidae) 0.23 ± 0.04

Auks (Alcidae) 0.29 ± 0.03

Why? 



Low wing loadingHigh wing loading

Little Auk (Alle alle) © Carsten Egevang
Herring gull (Larus argentatus) 

© Sylvie Vandenabeele

Low body mass

Large wing area

Heavy body mass

Small wing area



Spearman‟s correlation test,  

n = 40, rs = 0.87, p<0.001



Drag due to breakdown in natural streamlining

Bannasch et al 1988

Vandenabeele et al (ongoing study)



*Factor derived from starling data wearing a „device‟ measured in a wind tunnel,

Pers. Comm. (Pennycuick) 

Drag indices tested with the program

-Perfectly streamlined payload, 

payload drag factor= 1

-Example poor streamlined payload, 

payload drag factor = 1.5 

(drag coefficient of the bird increased by a factor of 1.5*)



10.9 0.09% 

mean increase

Drag factor of 1.5

Drag factor of 1

Poor streamlined 

body

Perfect streamlined 

body

Example of a Great cormorant (Phalacrocorax carbo)



What else?
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Great cormorant (Phalacrocorax carbo) 

feeding a chick  © age fotostock / SuperStock

Mean food load mass of 330g*

Chick provisioning period

Great cormorant (Phalacrocorax carbo) fishing 

a fresh trout © Kea Photography

* Derived from data of Grémillet et al 1996



22.1 0.43% 

mean increase

Example of a Great cormorant (Phalacrocorax carbo)

Bird with payload

Bird with payload 

and food



Phalacrocoracidae family

2 similar species: 

Great cormorant 

(Phalacrocorax carbo)

European shag 

(Phalacrocorax aristotelis)

Wing loading (kg/m2 )

Body mass (kg)

Wing area (m2)

11.7 11.2

0.22 0.16

1.752.53

BUT NOT THE SAME BEHAVIOUR !

Mass-specific mechanical 

power with a 3% payload (J/s)
22.1 19.9

© Gabriel Rasson© Sławomir Staszczuk

Flight duration differs



Outward non-stop flight

duration = 10.4 min a

Average work done = 

23.1 kJ  

Outward non-stop flight

duration = 4.0 min a

Average work done = 

10.5 kJ  

~ 110% higher!

© Sławomir Staszczuk

Great cormorant

© Gabriel Rasson

European shag

a   Grémillet et al 1996



Average flight duration 

~ 7 h/daya

Balearic shearwater

(Puffinus mauretanicus)

© Tom Brereton

Sooty shearwater

(Puffinus griseus)

Average flight duration 

~ 50minb

a   Aguilar et al 2003 b Shaffer  et al 2009

© Glenn Bartley



Compare to

We can calculate the total energy used in transporting 

a device for any 24 h period;

Flight time X cost of flight (with device) 

+ 

costs of other activities

Flight time X cost of flight (with no device) 

+

costs of other activities



Tags: ARE a revolutionary way to study free-living birds

BUT We need to get smarter about defining device effects

(Colin Pennycuick can help!)




