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Chukchi  Acous8cs,  Oceanography,  
&  Zooplankton  (CHAOZ)  Project
“…document	  the	  distribu1on	  of	  large	  whales	  in	  areas	  of	  
poten1al	  seismic	  ac1vity,	  and	  to	  relate	  these	  changes	  to	  

oceanographic	  condi1ons,	  indices	  of	  poten1al	  prey	  density,	  and	  
anthropogenic	  ac1vi1es.”	  

•  Passive	  acousCcs	  of	  large	  whales	  
•  Oceanography	  
•  Zooplankton	  
•  Climate	  and	  sea	  ice	  modeling	  
•  Chukchi	  Sea	  noise	  budget	  	  

	  (Cornell	  University,	  BRP)	  

5	  main	  components:	  

NMML	  permit	  #14245	  



Methods
•  Biophysical	  mooring	  clusters	  
	  	  	  	  	  	  	  	  	  	  	  Passive	  acousCc,	  oceanographic,	  and	  

	  zooplankton	  instruments	  
	  
	  

•  Transect	  line	  sampling	  
CTD	  casts,	  zooplankton	  net	  tows	  

•  Marine	  mammal	  surveys	  
Visual	  and	  acousCc	  (sonobuoys)	  

Icy	  Cape	  

Wainwright	  
Barrow	  

Point	  Hope	  

Point	  Lay	  

Cape	  Lisburne	  



Methods  –  Analyses

Long-‐term	  data	  
•  Passive	  acousCcs	  

•  Analyzed	  100%	  of	  recordings	  	  
•  12	  species	  of	  marine	  mammals	  (MM)	  
•  Anthropogenic	  and	  environmental	  sources	  

•  Generalized	  AddiCve	  Models	  (GAMs)	  
•  Correlate	  MM	  distribuCon	  with	  oceanographic	  parameters	  
•  Executed	  in	  R	  

•  MM	  calling	  ploded	  vs.	  8	  variables	  

Short-‐term	  data	  
•  Transect	  data	  ploded	  vs.	  visual/acousCc	  results	  



Methods  -‐  GAMs

•  Five	  resident	  ArcCc	  “proxy”	  species	  
•  Different	  dietary	  niches	  

•  19	  variables	  (oceanographic	  and	  environmental)	  

•  Inshore,	  midshore,	  and	  offshore	  -‐	  both	  years	  

	  	  	  	  	  	  	  	  500,000	  models	  

NMML	  permit	  #14245	  
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Results  –  Bowhead  whales



Results  –  Bowhead  whales
GAMs	  
•  Month	  

•  Ice	  concentraCon	  
•  Innate	  migraCon	  	  
	  	  	  	  	  paderns	  

•  Wind	  speed	  

NMML	  permit	  #14245	  

Predominantly	  benthic,	  
can	  be	  generalist	  

Long-‐term	  plots	  
•  Ice	  	  
•  ConcentraCon	  
•  Thickness	  

•  Wind	  speed	  
•  Migratory	  cue?	  

	  

No	  short-‐term	  data	  



Results  –  Gunshot  calls
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Results  –  Gunshot  calls

GAMs	  
•  Month	  
•  Ice	  concentraCon	  

	  

Long-‐term	  plots	  
•  Ice	  
•  NavigaCon	  

•  FM	  calls1,2	  
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1. George	  et	  al.	  1989.	  Arc1c	  42:	  24-‐30.	  
2. Clark	  and	  Ellison.	  2004.	  Pp.	  564-‐582	  in	  Echoloca1on	  in	  bats	  and	  dolphins.	  	  	  
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Results  –  Beluga  whales

Garland	  et	  al.	  2015.	  Polar	  Biology	  38(5):	  747-‐754.	  	  



Results  –  Beluga  whales

GAMs	  
•  Month	  

•  Temperature	  

•  Ice	  concentraCon	  
•  Innate	  migraCon	  

paderns	  

Long-‐term	  plots	  
•  Ice	  
•  Polynyas	  

Predominantly	  pelagic	  

No	  short-‐term	  data	  



Results  –  Gray  whales

Clarke	  et	  al.	  2011.	  Final	  Report,	  OCS	  Study	  BOEMRE	  2011-‐06.	  



Results  –  Gray  whales

GAMs	  
•  Inconclusive	  

	  

Long-‐term	  plots	  
•  Ice	  –	  negaCve	  
•  Chlorophyll	  
•  Proxy	  for	  prey	  

NMML	  permit	  #14245	  

Generalist	  
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Results  –  Gray  whales

Transect	  lines	  
•  High	  zooplankton	  
concentraCons	  

•  Ammonium/nitrate	  
•  High	  benthic	  biomass	  
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Results  –  Walrus



Results  –  Walrus
GAMs	  
•  Month	  

•  Wind	  speed	  
•  Proxies	  for	  prey	  

	  
Long-‐term	  plots	  
•  Ice	  -‐	  negaCve	  	  
•  Proxies	  for	  prey	  
•  No	  padern	  at	  offshore	  
	  
	  

NMML	  permit	  #14245	  

Benthic	  specialist	  
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Results  –  Walrus
Transect	  lines	  	  
•  Near	  Hanna	  Shoal	  
•  Near	  high	  zoop.	  concentraCons	  
•  Ammonium/nitrate	  
•  Areas	  of	  high	  benthic	  biomass	  

•  Benthic	  specialists	  



Results  –  Bearded  seal



Results  –  Bearded  seal
GAMs	  
•  Month	  

•  Wind	  speed	  
•  Proxies	  for	  prey	  

Long-‐term	  plots	  
•  Ice	  
•  Proxies	  for	  prey	   NMML	  permit	  #14245	  

Predominantly	  benthic,	  
Can	  be	  generalist	  



Results  –  Transect  lines
Bearded	  seal	  
•  High	  zooplankton	  concentraCons	  
•  Ammonium	  

•  Areas	  of	  high	  benthic	  biomass	  
•  Predominantly	  benthic	  feeders	  
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Summary

Able	  to	  correlate	  MM	  calling	  with	  
oceanographic	  variables	  &	  prey	  

•  GAMs	  
•  Now	  have	  more	  complete	  dataset	  with	  

CHAOZ-‐X	  and	  ARCWEST	  

•  Long-‐term	  plots	  
•  PosiCve/negaCve	  associaCons	  
•  QuanCtaCve	  analyses	  

•  Transect	  line	  sampling	  with	  MM	  survey	  
data	  

•  Apply	  same	  techniques	  to	  larger	  dataset	  

What	  will	  they	  do	  as	  sea	  
ice	  conCnues	  to	  change?	  
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Gunshot  call



Methods  –  Long-‐term  moorings
•  Passive	  acousCc	  recorder	  	  

Sound,	  T,	  P	  
	  

•  ADCP	  	  
Currents,	  T,	  P,	  Par,	  S,	  fluor,	  nitrate	  	  

•  Ice	  profiler	  	  
Ice	  depth,	  T,	  P,	  O2,	  S,	  bodom	  
currents,	  turbidity	  

	  

•  TAPS	  	  
Zooplankton	  

Icy	  Cape	  

Wainwright	  

Barrow	  

Point	  Hope	  

Point	  Lay	  
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Methods  –  Sampling  Sta8ons

•  August	  –	  September	  
•  CTDs	  

T,	  O2,	  PAR,	  S,	  Fluorescence,	  
Nutrients	  

•  Tucker	  sled	  tows	  
Zooplankton,	  larval	  fish	  

4	  
5	  
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Barrow	  

Point	  Hope	  

Cape	  Lisburne	  

Point	  Lay	  



Methods  –  Surveys
	  

•  Passive	  acousCcs	  monitoring	  
Sonobuoys	  deployed	  every	  3	  hours,	  
real-‐Cme	  24/7	  monitoring	  
	  

•  Visual	  surveys	  
25x	  “big	  eye”	  binoculars,	  scan	  90°	  
port	  to	  90°	  starboard	  

4	  
5	  

Icy	  Cape	  
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Barrow	  

Point	  Hope	  
Cape	  Lisburne	  

Point	  Lay	  AcousCc	  and	  visual	  detecCons	  
Bowhead	  whale	  
Gray	  whale	  
Fin	  whale	  
Humpback	  whale	  
Killer	  whale	  
Minke	  whale	  
Walrus	  
Polar	  bear	  
Seismic	  airguns	  

No	  detecCons	  
Unknown	  
AcousCc	  detecCon	  
Visual	  sighCng	  
Visual	  effort	  
2010	  
2011	  
2012	  
DBO	  region	  

? 
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Results  –  Subarc8c  species

Need	  both	  acousCc	  and	  
visual	  methods!	  

1.	  	  	  Crance,	  J.L.,	  C.L.	  Berchok,	  J.	  Bonnel,	  A.M.	  Thode.	  2015.	  Northeasternmost	  record	  of	  a	  North	  Pacific	  fin	  whale	  
(Balaenoptera	  physalus)	  in	  the	  Alaskan	  Chukchi	  Sea.	  Polar	  Biology	  38(10):	  1767-‐1773.	  
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•  Minke	  whales	  
•  Only	  visually	  sighted	  

•  Killer	  whales	  

•  Humpback	  whales	  

•  Fin	  whales	  
•  AcousCc	  detecCon	  off	  

Barrow	  Canyon1	  

NMML	  permit	  #14245	  



Moving  forward

CHAOZ-‐X	  
•  Chukchi	  AcousCcs,	  Oceanography,	  and	  

Zooplankton	  -‐	  Extension	  Study	  
	  

ARCWEST	  
•  ArcCc	  Whale	  Ecology	  Study	  

BOTH	  
•  2012-‐2017	  
•  Field	  seasons	  2013,	  2014,	  2015	  

CHAOZ 	  	  	  	  	  	  	   	  CHAOZ-‐X	  and	  ARCWEST	  	  

From	  Questel	  et	  al.	  2013	  

Hanna	  Shoal	  

Barrow	  Arch	  



Inshore Midshore Offshore
ADCP_colSa ADCP_colSa
Chlorophyll

Currents_botU
Currents_botV

Ice_conc Ice_conc Ice_conc
IceThick_avg

Month Month Month
Nitrate Nitrate

O2_mmol
O2_%sat

PAR PAR
Salinity Salinity
Transport

Turbidity Turbidity
Wind_spd Wind_spd
Wind_v Wind_v

Chlorophyll
Currents_botV

Ice_conc Ice_conc Ice_conc
Month Month Month

Transport
Turbidity

Wind_spd Wind_spd

To
p	  
AI
C	  
m
od
el

Co
m
m
on
	  si
gn
.	  

pa
ra
m
et
er
s

Inshore Midshore Offshore
ADCP_colSa

Currents_botU
Currents_botV

Ice_conc
Month Month

Nitrate Nitrate Nitrate
O2_mMol

PAR
Salinity
Turbidity

Wind_spd Wind_spd
Ice_conc

Currents_botU
Currents_botV

Month Month
Salinity

Wind_spd

To
p	  
AI
C	  
m
od
el

Co
m
m
on
	  si
gn
.	  

pa
ra
m
et
er
s

Bowhead	  whale	   Gunshot	  call	  
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