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Sperm whale	




Body condition 
(lipid content or mass)"

- Integrated outcome of foraging 
success and metabolic 
expenditure  

 

- Predictor of survival and 
reproductive success 

 

- Influences foraging effort and 
reactions to predation risks, 
disturbance 

 (Hall et al., 2001; Moya-Laraño et al., 2008; McNamara & 
Houston, 1990; Beale & Mohaghan, 2004; Biuw et al., 2003) 	




lipid store        body density"

 
 
 

Body    density 
Component   (kg/m3) 
Lipid         900  
Protein       1340   
Ash             2300   
Water             994 
 

 
 
 plethysmography (Fields et al. 2005) 	


BOD POD	




measuring condition at sea"
1.)  identifies when/where foragers accumulate resources 
2.)  can be applied to fully-aquatic animals (cetaceans)	


Crocker et al., 1997 
Biuw et al., 2002; 2007  
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How to track condition of 
other marine taxa?"



How to track condition of 
other marine taxa?"

Gliding during transit is a widespread behaviour 
(Williams et al., 2000; Nowacek et al., 2003) 
 

Sperm whales:	

speed change over short glides	

(Miller et al., 2004)	

	

	

Baikal seals	

terminal speed of prolonged descent glides	

(Watanabe et al., 2006)	




specific goals"
A.) Test the consistency of the three methods 

over a range of body densities 
  1.  Drift dive 
  2.  Prolonged glide 
  3.  Glide 

 
B.) Compare with density from isotope dilution 
 
C.)  Evaluate advantages and disadvantages of 

each of the methods 



data-logger"

3MPD3GT (Little Leonardo) 
depth 
water temperature 
speed  
3-axis acceleration (pitch and hind flipper movements) 

pitch	




trans-location experiment"
Body density  
calculated from 

isotope dilution 
 
manipulated over 

range of interest 
 

   (a weight and float 
detached after 
8-16h by a timer-
release)  

Weight	


Float	


Data logger	




buoyancy manipulation"
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glide method"

pitch	


a = −Cd,fAf
m

0.5ρswU 2 + (ρsw / ρseal −1)gsin(pitch)

measured values 
Regress U2  on  a   
  - use horizontal glides 
   	


criteria: 
glides > 100m  
|pitch| > 30° 



glide method: data"

12 



glide method: data"
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glide method: example"

Floated-and-weighted condition in seal 2	
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model predictions 
ρseal = 1041.5	




combined results"

~46%	

lipid	


~35%	

lipid	


~25%	

lipid	




Conclusions"
All 3 methods matched isotope-dilution method 

 - density ±1%, predicted lipid content ±2% 

Approach 	
 	
Advantages 	
 	
Dis-advantages	

Drift Dive 	
  requires only depth/speed 	
Cd not estimated	


	
 	
 	
 	
 	
 	
limited applicability	

	

Prolonged 	
 	
Cd estimated 	
 	
buoyancy extremes	


	
 	
 	
 	
 	
 	
high-resolution speed	

	

Glide 	
 	
       widest applicability 	
high-resolution speed	


	
 	
 	
Cd estimated 	
 	
	




Conclusions"
All 3 methods matched isotope-dilution method 

 - density ±1%, predicted lipid content ±2% 
 
Methods applicable to a wide-range of species 

 - Optimal method depends on behaviour 
 - Gas effects important for shallow-divers 

Aoki et al., in press, J. Exp. Biol.	
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prolonged glide: 
terminal speed"

Fbuoyancy x sin(pitch) = Fdrag 

Uter = (ρsw / ρseal −1)mgsin(pitch)
0.5Cd,fρswAf

pitch	


measured values 
Regress U2  on  a   
  - use horizontal glides 
   	




prolonged glide: example"

weighted condition in seal 4	




Body density manipulations"
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Sperm whale	



