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Ocean	
  Crowding	
  

More	
  uses,	
  more	
  users	
  

Drilling	
  derricks	
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  energy	
  machine	
  (concept)	
  



Collec,ve	
  impact	
  of	
  all	
  uses:	
  
Majority	
  of	
  surface	
  oceans	
  now	
  experience	
  high	
  impact	
  from	
  mix	
  

of	
  coastal	
  &	
  mariNme	
  acNviNes	
  

Halpern	
  et	
  al.	
  2008	
  



Source:	
  hSp://www.marisec.org/shippingfacts/worldtrade/volume-­‐world-­‐trade-­‐sea.php	
  

Crowding:	
  Growth	
  in	
  Mari,me	
  Transport	
  

Ships	
  >	
  100	
  
Gross	
  Tons	
  

	
  	
  
1960:	
  	
  	
  36,300	
  
2007:	
  	
  	
  97,500	
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•  Oct	
  2010:	
  Rhode	
  Island	
  (SCOR,	
  SLOAN,	
  POGO)	
  
•  What	
  do	
  we	
  know	
  about	
  underwater	
  noise?	
  
Ambient	
  &	
  anthropogenic.	
  

•  What	
  do	
  we	
  know	
  about	
  impacts	
  on	
  fauna?	
  
•  How	
  do	
  we	
  study	
  the	
  effects?	
  
•  We	
  study	
  the	
  addiNon	
  of	
  a	
  liSle	
  bit	
  of	
  extra	
  
noise	
  to	
  an	
  already	
  noisy	
  environment,	
  or	
  an	
  
already	
  noise-­‐impacted	
  animal.	
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•  Could	
  we	
  treat	
  the	
  subject	
  with	
  silence	
  rather	
  
than	
  noise?	
  

•  How?	
  Where?	
  What	
  sources?	
  For	
  how	
  long?	
  
•  Feasible	
  on	
  a	
  large	
  scale?	
  
•  Small	
  scale?	
  Where	
  are	
  the	
  opportuniNes?	
  

International 
Quiet Ocean  

Idea 



New	
  iniNaNve	
  



The problem: 
Industrialization of oceans 

keeps adding sound 

Human	
  addiNons	
  of	
  
sound	
  overlap	
  full	
  
range	
  of	
  animal	
  uses	
  
of	
  sound	
  in	
  the	
  ocean	
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•  Some	
  evidence	
  of	
  increasing	
  anthropogenic	
  
sound	
  levels	
  (worst	
  cases	
  are	
  bad);	
  	
  	
  

•  Some	
  evidence	
  of	
  biological	
  effects;	
  
•  High	
  uncertainty	
  in	
  current	
  knowledge,	
  future	
  
trends	
  and	
  significance	
  of	
  effects	
  –	
  worst	
  cases	
  
have	
  serious	
  implicaNons	
  for	
  the	
  ocean;	
  

•  High	
  uncertainty	
  combined	
  with	
  potenNally	
  
serious	
  consequences	
  lead	
  to	
  a	
  precauNonary	
  
view	
  taken	
  within	
  legislaNon.	
  

State of  
knowledge & policy 

 



•  To	
  ensure	
  that	
  measurement	
  of	
  sound	
  is	
  an	
  
integrated	
  part	
  of	
  global	
  ocean	
  observaNon	
  

•  A	
  community-­‐based	
  approach	
  to	
  research	
  
that	
  includes	
  industries	
  and	
  other	
  
stakeholders	
  

•  MiNgaNon	
  that	
  minimises	
  economic	
  impact	
  &	
  
leads	
  to	
  innovaNon	
  improving 	
   	
  	
  
economic	
  performance	
  

 
Goals 
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•  Levels	
  and	
  distribuNon	
  of	
  anthropogenic	
  sound	
  in	
  the	
  ocean	
  	
  
What	
  is	
  current	
  state?	
  

•  Trends	
  in	
  anthropogenic	
  sound	
  levels	
  across	
  the	
  global	
  
ocean	
  	
  How	
  is	
  state	
  changing?	
  

•  Effect	
  of	
  anthropogenic	
  sound	
  on	
  viability	
  of	
  important	
  
marine	
  animal	
  populaNons 	
   	
   	
   	
  	
  	
  	
  	
  
What	
  are	
  consequences?	
  

•  Global	
  ocean	
  soundscape	
  before	
  humans	
  industrialized	
  	
  	
  	
  	
  	
  	
  	
  
How	
  does	
  the	
  present	
  differ	
  from	
  past?	
  

•  Future	
  effect	
  of	
  sound	
  on	
  marine	
  life 	
   	
   	
  	
  
Should	
  we	
  be	
  concerned?	
  

Emerging	
  quesNons	
  

International 
Quiet Ocean 
Experiment 



•  Trends	
  in	
  anthropogenic	
  sound	
  	
  
•  Ocean	
  observing	
  systems	
  (physical	
  and	
  biological)	
  
•  Data	
  management	
  and	
  standards	
  (DMAC)	
  
•  AcousNc	
  and	
  biological	
  modelling	
  of	
  soundscapes	
  
•  Regional	
  experiments	
  
•  Economic	
  consequences	
  
•  Engagement	
  with	
  industries	
  (WOC)	
  
•  Public	
  engagement	
  (e.g.	
  ciNzen	
  science	
  website)	
  

Emerging	
  work	
  streams	
  

International 
Quiet Ocean 
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•  ExecuNve	
  Summary	
  
•  IntroducNon	
  and	
  overview	
  
•  Theme	
  1:	
  Ocean	
  Soundscapes	
  
•  Theme	
  2:	
  Defining	
  the	
  effects	
  of	
  sound	
  on	
  
marine	
  organisms	
  

•  Theme	
  3:	
  Observing	
  sound	
  in	
  the	
  ocean	
  
•  Theme	
  4:	
  Industry	
  and	
  regulaNon	
  
•  ImplementaNon	
  

Science	
  plan	
  (Table	
  of	
  Contents)	
  

International 
Quiet Ocean 
Experiment 

To	
  be	
  published	
  on	
  hSp://AquaNcAcousNcArchive.com	
  	
  by	
  April	
  2012;	
  or	
  email	
  
C.Erbe@curNn.edu.au	
  



New	
  observing	
  systems	
  
•  Cabled	
  observatories	
  (Neptune,	
  Venus)	
  
•  Moored	
  or	
  driling	
  surface	
  buoys	
  
•  Gliders	
  &	
  animal-­‐borne	
  
•  Ad-­‐hoc	
  subsurface	
  moorings/loggers	
  



Data	
  delivery	
  and	
  management	
  
(hSp://listentothedeep.com/)	
  



hSp://orcasound.net/	
  



Outcome	
  example:	
  World	
  Map	
  of	
  
Anthropogenic	
  Ocean	
  Sound	
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Ci,zen	
  Science	
  

•  Build	
  cheap	
  miniature	
  acousNc	
  recorders	
  
•  That	
  can	
  be	
  controlled	
  with	
  a	
  mobile	
  phone	
  
•  Write	
  app	
  for	
  sound	
  logging	
  &	
  analysis	
  
(automaNc	
  detecNon	
  &	
  classificaNon)	
  

•  Let	
  users	
  upload	
  *.wav	
  &	
  photos	
  (incl.	
  GPS)	
  to	
  
AquaNcAcousNcArchive.com	
  

•  Involve	
  public	
  in	
  analysing	
  data	
  



•  IniNal	
  planning	
  workshop,	
  Rhode	
  Island	
  (Oct	
  2010)	
  
•  Steering	
  Group,	
  Fort	
  Lauderdale	
  (Feb	
  2011)	
  
•  PublicaNon	
  of	
  Oceanography	
  arNcle	
  (May	
  2011)	
  
•  CreaNon	
  of	
  A3	
  web	
  site	
  (C.Erbe	
  2011)	
  
•  Open	
  Science	
  MeeNng,	
  Paris	
  (Aug	
  2011)	
  
•  Ist	
  dral	
  Science	
  Plan	
  (Dec	
  2011)	
  

Achievements	
  so	
  far	
  

International 
Quiet Ocean 
Experiment 



Planning	
  phase	
  acNviNes	
  

International 
Quiet Ocean 
Experiment 

Year	
  1	
  
Q1	
  

Year	
  1	
  
Q2	
  

Year	
  1	
  
Q3	
  

Year	
  1	
  
Q4	
  

Year	
  2	
  
Q1	
  

Year	
  2	
  
Q2	
  

Year	
  2	
  
Q3	
  

Year2	
  
Q4	
  

Science	
  plan	
  review	
  

Planning	
  commiSee	
  acNve	
  

Soundscapes	
  
workshop	
  

ApplicaNon	
  submission	
  to	
  Sloan	
  FoundaNon	
  

Data	
  management	
  and	
  standards	
  workshop	
  
CommunicaNons	
  
plan	
  and	
  web	
  site	
  

Trends	
  
workshop	
  

Experimental	
  planning	
  workshop	
  

InternaNonal	
  outreach	
  and	
  liaison	
  	
  

Funding	
  proposal	
  submissions	
  	
  

IQOE	
  execuNve	
  established	
  and	
  funcNonal	
  	
  



Web	
  site	
  
hSp://AquaNcAcousNcArchive.com/	
  
	
  
ChrisNne	
  Erbe	
  (CurNn	
  University)	
  

International 
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•  Ocean	
  acousNcs	
  
•  Biological	
  oceanography	
  
•  Behavioural	
  biology	
  (fish	
  acousNcs)	
  
•  Behavioural	
  biology	
  (marine	
  mammal	
  acousNcs)	
  
•  Ocean	
  observaNon	
  systems	
  (fixed	
  arrays)	
  
•  Ocean	
  observaNon	
  systems	
  (mobile)	
  
•  AcousNc	
  propagaNon	
  modelling	
  	
  
•  Marine	
  industry	
  	
  
•  Media	
  relaNons	
  and	
  contacts	
  	
  

Planning	
  commiSee	
  experNse	
  

International 
Quiet Ocean 
Experiment 



International 

Quiet 

Ocean 

Experiment 

WHO?	
  
•  global	
  stakeholder	
  community	
  
•  global	
  parNcipaNon	
  
•  mulNcultural,	
  for	
  everybody	
  

WHAT?	
  
Monitor,	
  invesNgate,	
  understand,	
  
appreciate	
  sound	
  &	
  its	
  effects;	
  
Lessen	
  negaNve	
  impacts	
  

WHERE?	
  
Local	
  =>	
  regional	
  =>	
  global	
  

HOW?	
  
•  discovery	
  
•  understanding	
  
•  science	
  

Conveying	
  
a	
  

complex	
  
message	
  
in	
  simple	
  	
  
ways	
  
that	
  
can	
  be	
  

understood	
  

International 
Quiet Ocean 
Experiment 


