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Mo/va/on	  
•  Real-‐/me	  monitoring	  

–  Dynamic	  management	  /	  risk	  mi/ga/on	  
–  PuXng	  survey	  teams	  on	  whales	  more	  quickly	  

•  Passive	  acous/c	  monitoring	  
–  Persistent,	  efficient,	  effec/ve	  
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Challenge:	  real-‐;me	  passive	  acous;c	  monitoring?	  
	  

Image	  credit:	  whaleopedia.org	  	  



Near	  real-‐/me	  acous/c	  monitoring	  
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Near	  real-‐/me	  acous/c	  monitoring	  
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Near	  real-‐/me	  acous/c	  monitoring	  
DMON-‐LFDCS	  opera/onal	  pla8orms	  
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dcs.whoi.edu	  

DMON-‐LFDCS	  buoy	  

DMON-‐LFDCS	  Slocum	  glider	  



Near	  real-‐/me	  acous/c	  monitoring	  

6	  

Introduc;on	   Methods	   Results	   Conclusions	  

DMON-‐LFDCS	  in	  the	  NW	  Atlan;c	  
•  2014-‐2018	  
•  30	  glider	  deployments	  
•  7	  buoy	  deployments	  
•  >1200	  right	  whale	  detec/on	  days	  

Buoy	  
Glider	  

Boston	  

New	  	  
York	  

Halifax	  

whalemap.ocean.dal.ca	  



Performance	  of	  DMON-‐LFDCS	  
•  Demonstrated	  the	  system	  is	  opera/onal	  
•  Quan/fied	  system	  performance1	  
•  Knowledge	  gap:	  detec/on	  range	  
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1Baumgartner	  et	  al,	  submiped.	  Methods	  in	  Ecology	  and	  Evolu/on	  



Study	  Goal:	  
Quan;fy	  the	  range-‐dependent	  probability	  of	  
detec;on	  of	  the	  DMON-‐LFDCS	  on	  mobile	  and	  fixed	  
plaRorms	  
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Experimental	  design	  
1.	  Deploy	  an	  acous/c	  array	  alongside	  a	  DMON-‐LFDCS	  
Slocum	  glider	  and	  moored	  buoy.	  	  

9	  

Introduc/on	   Methods	   Results	   Conclusions	  

DMON-‐LFDCS	  buoy	  

DMON-‐LFDCS	  glider	  

Horizontal	  line	  array	  (HLA)	  

Ver/cal	  line	  array	  (VLA)	  



Experimental	  design	  
2.	  Iden/fy	  all	  upcalls	  in	  acous/c	  records	  
–  Audio/spectrograms	  for	  HLA/VLA	  [manual;	  no	  detector]	  
–  Pitch	  tracks	  for	  glider	  and	  buoy	  
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Spectrograms	   Pitch	  tracks	  



Experimental	  design	  
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3.	  Conduct	  a	  call-‐by-‐call	  comparison	  (buoy	  versus	  array)	  
O	  =	  Detected	  
X	  =	  Missed	  

Localiza/on	  methods:	  Lin	  et	  al	  (2012)	  JASA	  131:1798–1813	  



Experimental	  design	  
3.	  Conduct	  a	  call-‐by-‐call	  comparison	  (glider	  versus	  array)	  
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Glider	   O	  =	  Detected	  
X	  =	  Missed	  

Localiza/on	  methods:	  Lin	  et	  al	  (2012)	  JASA	  131:1798–1813	  



Experimental	  design	  
4.	  Quan/fy	  the	  probability	  of	  detec/on	  as	  func/on	  of	  
range	  to	  the	  call	  for	  each	  pla8orm	  
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Study	  site	  
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New	  York	  

Boston	  

•  ~15	  km	  SW	  of	  Massachuseps,	  USA	  
•  30	  m	  water	  depth,	  well-‐mixed	  ocean	  
•  2	  weeks	  in	  March	  2017	  (early	  spring)	  



All	  detec/ons	  
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•  488	  right	  whale	  upcalls	  detected	  on	  the	  HLA/VLA	  
•  75	  calls	  localized	  



Detec/ons	  by	  buoy	  
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Detec/ons	  by	  glider	  
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Probability	  of	  Detec/on	  

18	  

Introduc/on	   Methods	   Results	   Conclusions	  

Buoy	  

Glider	  



Probability	  of	  Detec/on	  
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Probability	  of	  Detec/on	  
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Buoy	  

Glider	  

p	  =	  0.02*	  

p	  =	  0.25	  

Showing	  95%	  confidence	  intervals	  



Conclusions	  
•  Regression	  suggest	  the	  buoy	  (and	  perhaps	  glider)	  detects	  

>50%	  of	  calls	  out	  to	  ~9	  km	  (buoy	  significant,	  glider	  marginal)	  
•  Factors	  other	  than	  range	  contribute	  to	  missed	  calls	  at	  close	  

range	  
•  DMON-‐LFDCS	  pla8orms	  likely	  detec/ng	  calls	  at	  equal	  or	  

greater	  ranges	  than	  the	  array	  
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Next	  steps	  (in	  progress)	  
•  Reduce	  uncertainty	  in	  logis/c	  regression	  

–  More	  calls	  (localiza/on	  methods,	  extra	  deployment,	  etc.)	  

•  Repeat	  experiment	  with	  a	  distributed	  array	  
•  Sound	  transmission	  experiments	  
•  Parameterize	  model-‐based	  es/mates	  to	  apply	  to	  new	  areas	  
•  Con/nue	  to	  work	  to	  integrate	  real-‐/me	  PAM	  into	  

management	  decisions	  and	  AIS-‐based	  whale	  alert	  
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Ques;ons?	  

R/V	  Tioga:	  Ken	  Houtler	  and	  Ian	  
Hanley	  

WHOI	  Buoy	  Group:	  John	  Kemp,	  
Meg	  Donohue,	  Jim	  Dunn,	  and	  Nico	  
Llanos	  

WHOI	  AOPE:	  Peter	  Koski,	  Julien	  
Bonnel	  and	  Dan	  Ziperbart	  

WHOI	  Dive	  Group:	  Ed	  O’Brien	  

Taggart	  lab:	  Kim	  Davies,	  Delphine	  
Durepe-‐Morin,	  Meg	  Carr,	  and	  
Marcia	  Pearson	  

Thanks	  to:	  
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