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!   IntroducBon	  to	  the	  data	  
	  

!   Exploratory	  analyses	  &	  environmental	  sampling	  
	  
!   Choosing	  &	  running	  staBsBcal	  models	  
	  

!  Where	  to	  go	  from	  here?	  
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• 	  From	  2000-‐2010:	  23	  species;	  4,300	  tags;	  >1.1	  Million	  profiles	  
• 	  Tracking,	  conservaBon,	  ocean	  observaBon	  
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!  How	  do	  TOPP	  species	  use	  the	  ocean?	  
!  Are	  there	  predictable	  variables	  that	  correspond	  
to	  important	  habitat?	  

!  How	  do	  seasonal	  pa%erns	  in	  the	  variables	  
correspond	  to	  seasonal	  changes	  in	  top	  predator	  
habitat	  use?	  
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!   Tag	  data	  are	  highly	  correlated	  spaBally	  and	  
temporally	  
!   Include	  spaBal	  autocorrelaBon	  explicitly	  –	  

correlaBon	  structure	  in	  the	  error	  term	  
!   Bin	  data	  at	  scales	  broader	  than	  correlaBon	  (e.g.	  1°	  

&	  ~90	  days)	  
!   Long	  Bme	  series	  can	  span	  mulBple	  satellites	  e.g.	  
SEAWiFS	  and	  MODIS	  for	  ocean	  color	  

!   >	  1.1	  million	  points	  
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!  How	  do	  you	  convert	  tag	  data	  from	  mulBple	  
species	  &	  tag	  types	  into	  useful	  products?	  
!   State	  space	  models	  to	  account	  for	  mulBple	  tag	  

types	  and	  corresponding	  posiBonal	  error	  
!   Weight	  track	  by	  length	  -‐	  longer	  tracks	  get	  higher	  

weighBng	  to	  minimize	  tag	  bias	  
!   Normalize	  by	  species	  –	  1000	  elephant	  seal	  tracks	  =	  

100	  blue	  whale	  tracks	  
!   RelaBve	  use	  ~	  f(#	  of	  species,	  #	  of	  individuals)	  	  
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!   R	  for	  staBsBcs	  (mgcv,	  ape,	  spdep,	  ncf,	  AED)	  
!   5	  environmental	  variables	  available	  for	  enBre	  
tracking	  dataset	  and	  spaBal	  extent	  	  

!   Binned	  data	  1°	  &	  quarterly	  from	  2000-‐2010	  
!   Two	  models:	  binary	  &	  posiBve	  

!   All	  values	  >	  1	  are	  given	  a	  value	  of	  1	  	  
-‐	  what	  variables	  determine	  habitat	  /	  not-‐habitat	  

!   Only	  include	  values	  >	  1	  
-‐	  which	  habitats	  are	  more	  used	  by	  TOPP	  species	  
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!   Blended	  SST	  –	  AVHRR	  &	  GOES	  	  
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!   Blended	  SST	  –	  AVHRR	  &	  GOES	  
! Chl	  –	  SeaWiFS	  (1997-‐2009)	  &	  MODIS	  (2002-‐)	  
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!   Blended	  SST	  –	  AVHRR	  &	  GOES	  
! Chl	  –	  SeaWiFS	  (1997-‐2010)	  &	  MODIS	  (2002-‐)	  
!  Wind	  stress	  curl	  (QuikSCAT,	  1999-‐2009)	  
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!   Blended	  SST	  –	  AVHRR	  &	  GOES	  
! Chl	  –	  SeaWiFS	  (1997-‐2010)	  &	  MODIS	  (2002-‐)	  
!  Wind	  stress	  curl	  (QuikSCAT)	  
! SSHa	  and	  SSHrms	  (AVISO)	  
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!  Near	  Real	  Time	  
!   Live	  access	  server	  	  

	  	  las.pfel.noaa.gov/oceanwatch.html	  
!   New	  and	  improved	  browser	  	  	  

coastwatch.pfel.noaa.gov/coastwatch/
CWBrowser.jsp	  

!   In	  ARCGIS	  –	  Environmental	  Data	  Connector	  	  
	  	  h8p://www.pfeg.noaa.gov/products/edc/	  

!  For	  tagging	  or	  other	  similar	  point	  data	  
! XtractomaBc	  –	  in	  R	  and	  Matlab	  

	  	  h8p://coastwatch.pfel.noaa.gov/xtracto/	  
For	  more	  info:	  h8p://www.pfel.noaa.gov/events/workshops/NOAASatCourse2012/	  
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Shillinger et al.: Leatherback turtle post-nesting habitats

therefore travel long distances to reach areas that
aggregate gelatinous zooplankton prey, including
convergence zones and frontal systems (Polovina et
al. 2000, Lambardi et al. 2008).

Our data indicated significant diel periodicity with
respect to leatherback dive depth and dive duration
during both the migration and foraging phases. Dives
were significantly deeper, but shorter during the day
than at night. This indicated that daytime dives were
exploratory, while more intense feeding occurred at
night with shallower, longer dives (Houghton et al.
2008). These observations are supported by recent
studies, which suggest that feeding occurs predomi-
nantly during nocturnal periods when vertically
migrating prey are accessible at shallower depths

(Eckert 2006, Myers & Hays 2006). Leatherbacks may
also be resting or swimming at the surface during
the day to maximize absorption of solar radiation
(James et al. 2005). Dives were also deeper and
longer during the foraging phase than during migra-
tion. This is in contrast with the Atlantic, where
leatherbacks predominantly performed shallower
dives on their northern foraging grounds (James et
al. 2006). This difference might indicate an inter-
basin difference in how leatherback prey is dis-
tributed vertically in the water column in foraging
areas.

The longest dive duration in the present study
(83.8 min) neared the longest leatherback dive dura-
tion ever reported (López-Mendilaharsu et al. 2009) of

283

Fig. 4. Dermochelys coriacea. (a) Sea surface temperature (SST, °C), (b) chl a concentration (mg m–3), (c) sea surface height
root mean square (SSHRMS, m), and (d) frontal probability index (FPI) values for all switching state-space model-derived daily

turtle positions

Shillinger	  et	  al.	  2011	  
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1.  Normally	  distributed	  data	  
2.  Independence	  of	  samples	  
3.  Constant	  variance	  

Albatross track leaving French Frigate Shoals From 
OBIS-SEAMAP (Shaffer et al. 2005) 
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!  Why	  do	  we	  care?	  
!   SpaBal	  autocorrelaBon	  can	  bias	  model	  signif.	  
(see	  Segurado	  et	  al.	  2006)	  

!   SpaBal	  autocorrelaBon	  is	  	  
a	  natural	  component	  of	  	  
spaBal	  data	  	  
!   For	  model	  residuals,	  there	  	  

may	  be	  unmeasured	  spaBal	  	  
variables	  affecBng	  data	  

	  
Albatross track leaving French Frigate Shoals 
From OBIS-SEAMAP (Shaffer et al. 2005) 
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From Fauchald et al. 2000 

Capelin x Murres 
!  Ways	  to	  test	  for	  it	  

!   Geary’s	  C	  (0	  to	  2)	  
!   Moran’s	  I	  (-‐1	  to	  1)	  

!  Many	  methods	  to	  model	  it	  (Dormann	  et	  al.	  
2007)	  
! Autocovariate	  regression	  &	  

spaBal	  eigenvectors	  
!   Generalized	  least	  squares	  (GLS),	  GLMMs,	  GEEs	  
!   ParBal	  Mantel	  tests	  (Legendre	  and	  Legendre	  1998)	  
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!   Examined	  cross-‐correlaBons	  &	  normalcy	  	  
	   	   	   	   	   	  (Zuur	  et	  al.	  2009)	  	  

! Chl	  was	  log	  
transformed	  

!   other	  variables	  
were	  not	  
improved	  via	  
transformaBon	  
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!   There	  are	  many,	  and	  constantly	  changing	  /	  growing	  
!   CorrelaBon/Regression	  techniques	  –	  GLMs,	  GAMs	  

(AusBn	  2002),	  Mixed	  models	  (Wood	  2006),	  regression	  
trees	  &	  	  random	  forests	  (Breiman	  2001)	  

!   OrdinaBon	  –MulBvariate	  dimensional	  scaling,	  e.g.	  CCAs	  
(Guisan	  et	  al.	  1999)	  	  

!   Maximum	  Entropy	  models	  –	  species	  distribuBons	  
“closest	  to	  uniform”	  (Phillips	  et	  al.	  2006)	  

!   Recent	  reviews	  of	  modeling	  approaches	  (Redfern	  et	  al.	  
2006,	  Elith	  et	  al.	  2006,	  Dormann	  et	  al.	  2007,	  Aarts	  et	  al.	  
2008,	  Elith	  et	  al.	  2009)	  
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!  GAMs	  can	  use	  a	  combinaBon	  of	  parametric	  and	  
non-‐parametric	  funcBons:	  	  

	  (y~A+f(x1)+f(x2)…+f(xn)+ε)	  
!   Local	  smoothing	  funcBons	  (LOESS)	  and	  
regression	  splines	  are	  two	  techniques	  to	  model	  
fine	  scale	  changes	  

!  GAMs	  can	  easily	  be	  overfit	  (e.g.	  high	  df	  per	  
spline),	  so	  they	  require	  an	  extra	  degree	  of	  
quality	  control	  

!   Significance	  can	  be	  inflated	  (lower	  p-‐values)	  by	  
large	  sample	  sizes	  &	  autocorrelaBon	  
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“Final”	  model	  

presence ~ s(SST)+s(prey.density) 

!   Full	  models	  
! RelUse	  ~	  SST	  +	  log(chl)	  +	  SSH	  +	  SSHrms	  +	  Curl	  +	  Lat	  

+	  Lon,	  family	  =	  gaussian,	  random	  =	  quarter+year	  
! PresAbs	  ~	  SST	  +	  log(chl)	  +	  SSH	  +	  SSHrms	  +	  Curl	  +	  Lat	  

+	  Lon,	  family	  =	  binomial,	  random	  =	  quarter+year	  
!  Model	  selecBon:	  	  

AIC = 2k-2ln(L) 
n – sample size 
k – number of parameters 
L – Likelihood function 

Akaike’s	  
InformaBon	  
Criterion	  

“Full” model	  
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!  Normalcy	  tests	  

-4 -2 0 2 4

-8
.0

-7
.5

-7
.0

-6
.5

Normal Q-Q Plot

Theoretical Quantiles

S
am

pl
e 

Q
ua

nt
ile

s

Fitted values

S
ta

nd
ar

di
ze

d 
re

si
du

al
s

-4

-2

0

2

4

-7 -6 -5 -4 -3 -2



Ecological	  Modeling	  Workshop	  -‐	  SMM 	   	   	  November	  26,	  2011	  



Ecological	  Modeling	  Workshop	  -‐	  SMM 	   	   	  November	  26,	  2011	  



Ecological	  Modeling	  Workshop	  -‐	  SMM 	   	   	  November	  26,	  2011	  

SST	   Longitude	   SST	   Chl	  

Chl	   SSH	   Lat	   Longitude	  

Curl	   SSHstd	  SSH	  

Curl	  

Presence	  /	  
Absence	  

RelaBve	  	  
Density	  
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•  SST structures 
habitat 

•  Chl-a influences 
use 
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