
CHAOZ	in	a	nutshell:	Five	years	of	work	in	sixteen	square	feet	
Catherine	L.	Berchok1,	Christopher	W.	Clark2,	Jessica	L.	Crance1,	Ellen	C.	Garland3,	Julie	A.	Mocklin1,	Sue	E.	Moore4,	Jeff	M.	Napp5,	Phyllis	J.	Stabeno6,	Brenda	K.	Rone1,	Adam	H.	Spear5,	and	Muyin	Wang7.		

CHAOZ	is	the	Chukchi	Acoustics,	
Oceanography	and	Zooplankton	Study	

Field	Methods	

•  Three	long-term	mooring	clusters	(Passive	
acoustics,	T,	P,	currents,	Par,	S,	Fluor,	N,	ice	depth,	O2,	turbidity,	zoops)	

•  Six	biophysical	sampling	lines	(T,	O2,	Par,	S,	Fluor,	
Nutrients,	zoops,	larval	fish)	

•  One	near-real-time	autodetection	buoy	

•  Visual	survey		(Daylight	3	pers.	team:	25x	Big-Eyes)	

•  Passive	acoustic	monitoring	(24/7	sonobuoys)	

Objectives	

Oceanography	

Zooplankton	
Noisy	Humans	

Climate	modeling	

Key	Findings	

A	noise	model,	similar	to	the	one	developed	for	Cape	
Cod	Bay,	is	being	developed	for	the	Chukchi	Sea.	

Magnitude	and	Direction	of	Ocean	Current 

National	Center	for	Atmospheric	Research	
(NCAR)	climate	model	(Community	Earth	System	
Model:	CESM1.0)		was	run	using	the	sea	ice	
extents	from	2007/2008	as	initial	conditions.	
	
	
Predictions:	

•  	Late	arrival	of	ice	in	fall	and	early	ice	
retreat	in	spring			

•  Dismal	ice	coverage	
•  Large	inter-annual	variability	in	ice	

thickness	

An	autodection	buoy	was	deployed	for	the	
first	time	in	the	Arctic	(Sept	1	–	Nov	1,	2012)	
	

•  Detected	and	transmitted	biotic	and	
abiotic	signals	via	satellite	in	near-real	
time	

	

•  Monitor	for	ambient	noise	levels	–	
possible	future	mitigation	tool	for	
cumulative	noise	impacts	

	

Techniques:	Acoustic	vs.	Visual	?	

Comparable	results	
(no	beluga	seen	or	heard)	

Visual	survey	better	
(plus	for	Dall’s	and	
Harbor	porpoise)	

Passive	acoustics	better	
(fin	whale	acoustic	

detection	off	Barrow	
Canyon)1			

	1.			Crance	et	al.	2015.	Polar	Biology	

Species Density	(#/km2) 

Bowhead	whale 0.0043	(0.65) 

Fin	whale 0.0019	(0.88) 

Humpback	whale 0.0004	(0.97) 

Gray	whale 0.0030	(0.86) 

See	Jessica	Crance	Poster	Bay1/17	

Relative	densities:	visual	survey	

Large	interannual	variability!		
2010-11	had	greatest	transport,	upcanyon	flow,	
and	polynyas.	

Transport:	
•  30-50%	of	transport	

through	Bering	Strait	goes	
past	Icy	Cape	

•  Variations	in	flow	correlate	
with	local	winds	

Currents	

There	is	a	current	that	moves	
NW	along	the	shelf	edge	here!	

Atlantic	water	coming	up	
Barrow	Canyon	can	be	
seen	as	far	as	Icy	Cape	
(>200km	onto	shelf!);		

Subsurface	phytoplankton	
blooms	are	common	during	
summer	-	fuel	secondary	
productivity	

•  Ice	keels	on	Icy	Cape	
line	often	>20m		
(some	>25m).	

•  Deep	keels	found	in	
the	spring.	

•  Algae	blooms	below	the	ice	
•  Exported	to	bottom	as	ice	melts	
•  Produces	oxygen	throughout	summer	

•  High	ammonium	concentrations	
•  Microbial	loop	(detritus		to	

ammonium)	
•  Ammonium	is	preferred	nitrogen	

form	for	many	phytoplankton	

Upcanyon	Transport	
along	Wainwright	line	

High	inter-annual	variability	in	community	composition!	

On-shelf	advection	
-	introduced	Arctic	
basin	species	to	the	
shelf.	

Mean	No.	Per	M3 Year 
Taxon 2010 2011 2012 

Euphausiids 
				Calyptopis	stage 1.18 0.03 0.04 
				Furcilia	stage 9.75 6.61 8.38 
				Juvenile	and	adult	stages 0.19 0.22 0.95 
Organisms	with	similar	acoustic	scattering	as	euphausiids 
				Hyperiid	amphipods 0.12 2.68 0.52 
				Gammarid	amphipods 0.11 0.01 1.76 
Copepods 
			Pseudocalanus	spp. 1052.69 1025.19 737.56 
			Calanus	glacialis 82.08 63.25 290.48 
			Calanus	hyperboreus 0.00 2.71 0.00 
Other	non	crustacean	taxa 
			Larvaceans 781.22 1096.01 8.10 
			Pteropods	(with	and	without	shells) 126.95 11.64 5.05	(4.89	T) 
			Chaetognaths 46.71 47.00 27.57 

Adults	and	juvenile	
euphausiids:		
•  Highest	concentrations	

in	2012	
•  Low	numbers	–	no	

conveyor	belt	

High	concentrations	
of	calyptopis	found	in	
2010	–	spawning	

•  Order	of	mag.	greater	
conc.	than	older	stages	

•  Present	at	all	stations	
•  No	consistent	warm/

cold	difference	seen	

Similar	conc.	to	adult	
euphausiids	

Oithona	spp.	highest	
concentrations	

Pseudocalanus	spp.	
Very	abundant	in	all	
years	

Oceanography	 Ice	

Nutrients	

Zooplankton	

Climate	Modeling	

Temporal	vertical	
migration	patterns	
varied	among	sites!	

High	concentrations	on	bottom!	

M.	Moore	

Model	 Measured	

Permits	greater	
solar	heating	
into	system!	

No	signifcant	
trends	seen.	

Time	series	of	zonally	averaged	number	of	sea	ice-free	
months	over	the	Chukchi	Sea	based	on	the	12	models’	
projection	and	under	emission	scenario	RCP8.5.	

In	addition	to	sea	ice,	the	CESM1.0	was	run	to	
predict	ocean	conditions,	like	currents.	
	

Model	agrees	really	well	
with	observations!!!	

Noisy	Humans	

By	looking	at	the	effects	of	man	made	
and	natural	sounds,	predictions	of	future	
noise	levels	can	be	made.	

Ambient	noise	levels	will	
rise	with	increased	wind	

Marine	Mammals	

Bowheads	and	belugas	undergo	predictable	seasonal	migrations	–	strongly	correlated	with	
month	and	ice	concentration	

Calling…		
•  Ceased	when	ice	thickness		was	>	0.5m	
•  Correlated	with	winds	from	SSW	(ice	arrival/tailwind?)	

•  Trimodal	distribution	(fall	2010	–	age/sex	cohorts?)	
•  Gunshot	call	type	correlated	with	ice	formation	

(Navigation	aid/migratory	assembly	signal?)	

Two	population	move	through	area		
•  Ellen	Garland	working	on	

repertoires		
•  Icy	Cape	close	to	important	

molting/	breeding	lagoon.	
	

Commonly	heard	
overwinter	
110nm	offshore	
Icy	Cape	 One	detected	in	

April	at	40nm	off	
Icy	Cape	

Vessel	noise	
heard	
overwinter	
offshore	as	
well	

Gray	whales	strongly	
correlated	to	prey	
availability	
(ammonium/zoops)	

Bearded	seals	and	
walrus	like	same	
shallow	high	benthic	
biomass	areas	

Future	predictions	
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