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• 	
  high	
  point	
  density	
  =	
  significant	
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  2me	
  
	
  
• 	
  slow	
  rela2ve	
  progress	
  along	
  track	
  =	
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  restricted	
  search	
  

State-­‐space	
  model	
  
	
  
• 	
  high	
  turning	
  rate/low	
  speed	
  =	
  foraging	
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• 	
  day	
  in	
  which	
  progress	
  away	
  from	
  or	
  towards	
  colony	
  was	
  at	
  a	
  minimum	
  =	
  significant	
  

S(r)	
  =	
  Var[log	
  t
(r)]	
  	
  

dt	
  ~	
  γTdt-­‐1	
  +	
  N2(0,	
  Σ)	
  
yt,i	
  =	
  (1	
  –	
  ji)x	
  t-­‐1	
  +	
  jixt	
  +	
  εt	
  

δmin	
  =	
  (dt+24-­‐dt)	
  min	
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In	
  most	
  years	
  Region	
  B	
  important	
  in	
  chick-­‐rearing	
  period	
  for	
  Wandering	
  Albatross	
  
• 	
  trip	
  des2na2on	
  
• 	
  period	
  of	
  fishery	
  closure	
  only	
  covers	
  incuba2on	
  of	
  Wandering	
  Albatross	
  
• 	
  mi2ga2on	
  methods	
  crucial	
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kernel density surface 

kernel function (K)  
describes shape of  
curve at each point 

smoothing factor (h) 
describes curve width 
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Kernel Analysis  (Rosenblatt 1956; Silverman 1986)  



First-Passage Time Analysis     (Fauchald and Tverraa 2003) 

Definition: time required for an animal to cross a circle with a given radius  

S(r)	
  =	
  Var[log	
  t(r)]	
  	
  
radius of the circle 



S(r)	
  =	
  Var[log	
  t(r)]	
  	
  

relative variance in first-passage 
time for all points along the path 

First-passage Time 

radius of the circle 

makes S(r) independent of 
magnitude of  
mean first-passage time 

time lag between first-passage time forwards 
and first-passage time backwards 



First-Passage Time Analysis      

S(r) peaks when 
r corresponds to 
search radius Area Restricted Search Zone (ARS) 



Transition equation:    

 

 

  

 

 

Measurement equation:  

State Space Model    (Jonsen et al 2005) 

     

    - Describes how the individual’s  
    movement evolves through time 

    - Predicts individual’s position when 
    not observed 

 

 

    - Relates observed positions to those 
    predicted in the transition equation 

    - Interpolates where observations are 
    irregular 

    - Includes different degrees of error 
    for each observation 



dt	
  ~	
  γTdt-­‐1	
  +	
  N2(0,	
  Σ)	
  

difference between  
locations xt and xt-1 

Transition equation: 
First-difference correlated random walk 

degree of autocorrelation 
(γ=0 for random walk 
0<γ>1 for correlation in speed and direction) 

rotation 

difference between  
locations xt-1 and xt-2 

distribution  
(bivariate Gaussian 
Mean=0 
Σ = covariance matrix) 



Behavioural mode 2: high γ	
  and low T	
  represents commuting 

dt	
  ~	
  γTdt-­‐1	
  +	
  N2(0,	
  Σ)	
  

degree of autocorrelation 
(γ=0 for random walk 
0<γ<1 for correlation in speed and direction) 

rotation 

Behavioural mode 1: low γ	
  and high T	
  represents foraging 



Measurement equation 

yt,i	
  =	
  (1	
  –	
  ji)x	
  t-­‐1	
  +	
  jixt	
  +	
  εt	
  

interpolated location  
between position at  
time t and the ith 

observation between  
t and t+1 

proportion of the 
regular time interval 
between xt-1 and xt 
at which the ith observation 
is made  

variable estimation error  
dependant on data quality 
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State Space Model output - single track 
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  First-Passage Time ARS 

+ State Space model foraging 

-     Kernel analysis high density 
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Minimum Displacement-Rate Analysis      
Min displacement in day 6 



State-­‐space	
  model	
  
	
  
• 	
  2me	
  consuming	
  
• 	
  needs	
  complex	
  readjustment	
  for	
  each	
  track	
  
	
  
	
  
Kernel	
  
	
  
First-­‐passage	
  2me	
  
	
  
Minimum	
  displacement-­‐rate	
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