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Model	  ensemble	  
	  
3	  established	  methods	  
• 	  Kernel	  
• 	  First-‐passage	  2me	  
• 	  State-‐space	  model	  
	  
One	  new	  method	  
• 	  Minimum	  Displacement	  Rate	  

4	  methods	  
4	  sets	  of	  assump2ons	  



Kernel	  analysis	  
	  
• 	  high	  point	  density	  =	  significant	  

First-‐passage	  2me	  
	  
• 	  slow	  rela2ve	  progress	  along	  track	  =	  area	  restricted	  search	  

State-‐space	  model	  
	  
• 	  high	  turning	  rate/low	  speed	  =	  foraging	  

Minimum	  displacement	  rate	  
	  
• 	  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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Kernel density contours 
POOLED DATA 
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Key:	  
	  	  	  	  	  Kernel	  
	  	  	  	  	  First-‐passage	  2me	  
	  	  	  	  	  Minimum	  displacement	  



Region	  A	  

Region	  B	  

Methods	  show	  
agreement	  at	  this	  scale	  
despite	  different	  
assump2ons	  
	  
Assump2ons	  robust	  
	  
Overlap	  method	  reduces	  
method	  specific	  biases	  
	  
Gridding	  =	  accessible	  
summary	  of	  sophis2cated	  
sta2s2cal	  techniques	  
	  
Region	  A:	  
Oceanographic	  feature	  
Mesoscale	  eddy?	  
Mobile?	  
	  
Region	  B:	  
Known	  to	  be	  important	  
during	  chick-‐rearing	  
Consistent	  during	  post-‐
brood	  



500km	  

Region	  A	  

Region	  B	  

Region	  A	  
	  
Significant	  
High	  Seas	  
Diffuse	  management	  
Regional	  Fisheries	  Management	  
Organisa2ons	  requires	  mul2-‐
party	  agreement	  
Mobile	  system	  



500km	  

Region	  A	  

Region	  B	  

Region	  B	  

PROTECTED	  

Commission	  for	  the	  
Conserva2on	  of	  
Antarc2c	  Marine	  Living	  
Resources	  CCAMLR	  
	  
Government	  of	  South	  
Georgia	  and	  South	  
Sandwich	  Islands	  
GSGSSI	  

Fishing	  banned	  within	  12nm	  
	  
Fishery	  closed	  Oct	  –	  Mar	  
(breeding	  season	  for	  all	  
other	  species)	  
	  
Night-‐seing,	  streamer-‐
lines,	  line	  weigh2ng,	  
observers	  
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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	  



Ongoing	  research.....	  
	  
Apply	  gridded	  method	  across	  
	  
• 	  Years	  
• 	  Species	  
• 	  Breeding	  stages	  

Test	  consistency	  of	  these	  regions	  
	  
Next	  steps.....	  
	  
Iden2fy	  des2na2on	  in	  years	  
when	  Region	  B	  is	  under-‐used	  
	  
Predictability	  
	  







Kernel density contours 
INDIVIDUAL TRACKS 
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x	  

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 



X Foraging 

 

X Commuting 

 

X not differentiated 

State Space Model output - single track 



*	  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	  



Borom	  trawling	  banned	  
in	  CCAMLR	  sub-‐Area	  48.3	  

Borom	  fishing	  banned	  at	  
depths<	  500m	  

All	  fishing	  banned	  within	  
12	  nm	  

Transhipment	  /	  
bunkering	  only	  permired	  
at	  Cumberland	  Bay	  East	  

Three	  Restricted	  Impact	  
Areas	  (RIAs)	  

Long-‐line	  fishing	  licensed	  
at	  depths	  >	  500m	  under	  
stringent	  licensing	  
condi2ons	  

South	  Georgia	  protecCve	  measures	  

Government	  of	  South	  
Georgia	  and	  the	  South	  
Sandwich	  Islands	  
(GSGSSI)	  

Commission	  for	  the	  
Conserva2on	  of	  Marine	  
Living	  Resources	  
(CCAMLR)	  
34	  Na2ons	  

South	  Georgia	  
fishery	  
	  
CCAMLR	  measures	  
by-‐catch	  reduced	  
by	  99%	  
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Post-‐brood	  season	  


