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!   Click	
  characterisEcs	
  of	
  individual	
  sperm	
  whales	
  are	
  
known	
  to	
  vary,	
  but	
  geographic	
  differences	
  have	
  not	
  
yet	
  been	
  documented	
  

!   Diversity	
  in	
  click	
  characterisEcs	
  =	
  DiagnosEc	
  tool:	
  
!   Ground-­‐truthing	
  during	
  post-­‐processing	
  
!   Species	
  ID	
  during	
  passive	
  acousEc	
  monitoring	
  

!   ImplicaEons	
  for	
  detector	
  and	
  classifier	
  
performance	
  



!   Deep-­‐diving	
  odontocetes	
  
!   Inhabit	
  all	
  oceans,	
  

predominantly	
  in	
  
temperate	
  and	
  tropical	
  
waters	
  

	
  
!   Worldwide	
  EsEmate:	
  	
  

!   300,000-­‐450,000	
  
	
  

!   Click	
  Types:	
  
!   ‘Usual’	
  or	
  ‘Regular’	
  clicks	
  
!   ‘Slow’	
  clicks	
  
!   ‘Creaks’	
  and	
  ‘Buzzes’	
  
!   ‘Codas’	
  



Regular	
  (Usual)	
  

Slow	
  

All	
  individuals	
  

Mature	
  Males	
  

ICI	
  

ICI	
  

Peaks	
  at	
  400	
  Hz	
  
and	
  2	
  kHz	
  

Peaks	
  between	
  
3-­‐6	
  kHz,	
  and	
  
typical	
  10	
  kHz	
  



Central	
  Northern	
  
Mariana	
  Islands	
  





Central	
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Hawaiian	
  
Islands	
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Gulf	
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Islands	
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California	
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The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.



Central	
  Northern	
  
Mariana	
  Islands	
  

Hawaiian	
  
Islands	
  
(Niihau)	
  

Gulf	
  of	
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California	
  
Coast	
  

US	
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Coast	
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  of	
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Central	
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Mariana	
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Islands	
  
(Niihau)	
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  of	
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Southern	
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#	
  Clicks:	
  1,514	
  	
  

#	
  Clicks:	
  717	
  	
  

#	
  Clicks:	
  931	
  	
  

#	
  Clicks:	
  334	
  	
  

#	
  Clicks:	
  5,085	
  

#	
  Clicks:	
  5,100	
  

Median	
  Inter-­‐click	
  
Interval:	
  	
  
0.57	
  –	
  1.11	
  secs	
  







!   Data	
  were	
  previously	
  reviewed	
  for	
  sperm	
  whales	
  
for	
  each	
  perspecEve	
  project	
  

!   Encounters	
  processed	
  in	
  PAMGuard	
  (binary):	
  	
  





!   Data	
  were	
  previously	
  idenEfied	
  as	
  having	
  sperm	
  
whale	
  encounters	
  prior	
  to	
  selecEon	
  

!   Encounters	
  processed	
  in	
  PAMGuard	
  (binary):	
  	
  
! PAMGuard	
  ViewerMode:	
  

!   Allows	
  for	
  selecEon	
  of	
  confirmed	
  sperm	
  whale	
  clicks	
  
!   Towed	
  array	
  click	
  trains	
  



I.	
  Time/Bearing	
  Display	
  

II.	
  Waveform	
   III.	
  Click	
  Spectrum	
   IV.	
  Wigner	
  Plot	
  

V.	
  Spectrogram	
  



!   Data	
  were	
  previously	
  idenEfied	
  as	
  having	
  sperm	
  
whale	
  encounters	
  prior	
  to	
  selecEon	
  

!   Encounters	
  processed	
  in	
  PAMGuard	
  (binary):	
  	
  
! PAMGuard	
  ViewerMode:	
  

!   Allows	
  for	
  selecEon	
  of	
  confirmed	
  sperm	
  whale	
  clicks	
  
!   Towed	
  array:	
  click	
  trains	
  
!   Single	
  channel:	
  clicks	
  with	
  higher	
  amplitude	
  selected	
  





!   Data	
  were	
  previously	
  idenEfied	
  as	
  having	
  sperm	
  
whale	
  encounters	
  prior	
  to	
  selecEon	
  

!   Encounters	
  processed	
  in	
  PAMGuard	
  (binary):	
  	
  
! PAMGuard	
  ViewerMode:	
  

!   Allows	
  for	
  selecEon	
  of	
  confirmed	
  sperm	
  whale	
  clicks	
  
!   Towed	
  array	
  click	
  trains	
  
!   Single	
  recorder	
  clicks	
  with	
  higher	
  SNR	
  (higher	
  dB)	
  

!   ROCCA	
  Module:	
  
!   Click	
  parameter	
  extracEon	
  
!   Data	
  exported	
  



!   Click	
  parameters	
  measured	
  in	
  ROCCA	
  include:	
  
!   DuraEon	
  
!   Center	
  and	
  Peak	
  Frequency	
  
!   3dB	
  &	
  10	
  dB	
  Bandwidth	
  
!   Sweep	
  rate	
  
!   ICI	
  
!   #	
  of	
  zero	
  crossings	
  

!   Performed	
  Kruskal-­‐Wallis	
  staEsEcal	
  tests	
  with	
  
post-­‐hoc	
  pairwise	
  comparisons	
  
!   Subset	
  of	
  500	
  samples	
  (332	
  for	
  HI)	
  





!   Parameters	
  compared	
  and	
  tested	
  for	
  all	
  regions	
  
were:	
  	
  
!   DuraEon	
  
!   Center	
  Frequency	
  
!   Peak	
  Frequency	
  













All	
  parameters	
  
significantly	
  
different	
  

Depth:	
  778	
  -­‐	
  952m	
   Depth:	
  778	
  -­‐	
  952m	
  

Depth:	
  ~10m	
   Depth:	
  ~10m	
  





SJll	
  significant	
  
differences	
  in	
  
parameters	
  



Same	
  season	
  =	
  
no	
  obvious	
  
trends	
  







Peak	
  Freq	
  sig	
  
different	
  between	
  
all	
  sites	
  

Center	
  Freq	
  sig	
  
different	
  between	
  
OB/JAX	
  &	
  JAX/HAT	
  







!  Geographic	
  variaEon	
  appears	
  to	
  exist	
  for	
  sperm	
  
whale	
  regular	
  clicks	
  
!   VariaEon	
  in	
  all	
  3	
  parameters	
  reviewed	
  
!   Peak	
  and	
  center	
  frequency	
  	
  

	
  



!   Possible	
  difference	
  afributable	
  to	
  recorder	
  
depth	
  
!   Surface	
  recorders	
  may	
  only	
  be	
  receiving	
  certain	
  

frequency	
  components	
  of	
  clicks	
  

	
  

Depth:	
  778	
  -­‐	
  952m	
  

Depth:	
  ~10m	
  



!   Click	
  type	
  definiEon	
  
!   Peak/center	
  frequencies	
  less	
  reliable	
  parameter	
  

than	
  ICI	
  for	
  characterizing	
  ‘regular’	
  vs	
  ‘slow’	
  
	
  
	
  

	
  
	
  

Regular	
  (Usual)	
  

Slow	
  



!   Difference	
  in	
  acousEc	
  monitoring	
  systems	
  
!   Hydrophone	
  locaEon	
  –	
  Surface	
  vs.	
  depth?	
  
!   System	
  noise,	
  etc.	
  
	
  

!   Although	
  similar	
  hydrophone	
  freq	
  responses,	
  
difference	
  in	
  sensiEviEes,	
  etc.	
  	
  

	
  

!   Data	
  collected	
  in	
  different	
  seasons	
  &	
  years	
  (may	
  or	
  
may	
  not	
  have	
  significant	
  impact)	
  

	
  

!   Ecosystem	
  &	
  behavioral	
  differences	
  influencing	
  
clicks	
  produced?:	
  
!   Prey	
  variability	
  
!   Group	
  composiEon	
  

	
  



!  Appears	
  to	
  be	
  geographic	
  variaEon	
  in	
  regular	
  
clicks:	
  
!   Too	
  many	
  caveats?	
  	
  
	
  

!  Monday:	
  Analyst	
  variability	
  &	
  performance	
  
!   Need	
  to	
  provide	
  informaEon	
  on	
  potenEal	
  

variability	
  for	
  diagnosEc	
  purposes	
  
	
  

!   Tues:	
  Parameter	
  selecEon	
  for	
  classificaEon	
  
	
  

!  Need	
  to	
  befer	
  understand	
  the	
  implicaEons	
  of	
  
biology	
  on	
  click	
  characterisEcs	
  
	
  



!   Office	
  of	
  Naval	
  Research	
  
!   Living	
  Marine	
  Resources	
  
!   U.S.	
  Navy	
  (NAVFAC	
  Pacific,	
  &	
  

NAVFAC	
  AtlanEc)	
  
!   MISTCS	
  passive	
  acousEcs	
  

team	
  
!   GOALS	
  passive	
  acousEc	
  team	
  
!   SIO	
  for	
  SOCAL	
  HARP	
  Data	
  	
  
!   HDR	
  Inc.	
  for	
  contract	
  support	
   Photo	
  Credit:	
  Cory	
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