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Map	from	Grebmeier	et	al.	2012	

Chukchi	Sea	is	a	flow-through	system	and	most	
plankton	originate	in	Bering	Sea	

•  Highly	produc've	region	
•  High	benthic	biomass	
•  Zooplankton	cannot	eat	all	of	the	ice	algal	and	phytoplankton	1°	

produc'on	

program and consisted of 7 tightly spaced moorings positioned
from the outer-shelf to the mid-slope (Fig. 1). Each mooring
contained a motorized CTD profiler providing vertical traces
of temperature and salinity four times daily. We focus on the
5 moorings situated near the shelfbreak, each of which contained
an upward-facing RD Instruments ADCP sampling hourly (300 KHz
instruments were used on the shallower moorings, and 75 KHz
instruments were used on the deeper moorings). The velocity data
were de-tided using the tidal amplitudes measured by the ADCPs.
A thorough presentation of the mooring data, including instru-
ment accuracies, is presented in Nikolopoulos et al. (2009) and
Spall et al. (2008).

2.2. Atmospheric measurements and reanalysis fields

Atmospheric information used in the study comes from two
sources. Wind data were obtained from the Pt Barrow meteor-
ological station (Fig. 1) via the National Climate Data Center
(http://www.ncdc.noaa.gov/). The data were subject to a quality
control procedure to remove erroneous values and interpolate
over short data gaps (see Pickart et al., 2013a for details). We also
used the North American Regional Reanalysis (NARR) fields, which
are a high-resolution product of the National Centers for Environ-
mental Prediction (NCEP). The NARR invokes a newer data assim-
ilation scheme and other modeling advances that have been
developed subsequent to the global NCEP product (Mesinger
et al., 2006). The space and time resolution of NARR is 32 km
and 3 h, respectively. The NARR wind speeds were validated
against the Pt Barrow data and a small correction was applied to
the NARR data (see Brugler, 2013, for details).

2.3. Model configuration and forcing

The numerical model used is the MIT general circulation model
(Marshall et al., 1997). It solves the hydrostatic, primitive equations
on a staggered C-grid with level vertical coordinates. A partial
cell treatment of the bottom topography is accurate for steep

topography in the presence of stratification. The model is two-
dimensional, representing depth and offshore distance. While
along-shelf variations are clearly present and likely important for
many aspects of the circulation and productivity on the shelf and
near the shelfbreak, the purpose of the present study is to propose
a physical mechanism to explain the gross characteristics of
the observed mega-bloom near the shelfbreak. As such, we have
chosen to use the simplest model that contains what are believed
to be the essential physics of the problem; namely, a shelf and
shelfbreak, baroclinicity, and surface wind stress.

The model domain extends 864 km in the offshore direction
with a 500 km wide, 50 m deep shelf, which transitions to a
1000 m deep basin over a horizontal length scale of 100 km. The
horizontal grid spacing is 1 km for offshore distances between
450 km and 550 km. The grid spacing increases to 2 km for the
next 50 km in each direction, 6 km for the next 300 km, finally
increasing to 10 km near the coast. The vertical grid spacing is 5 m
over the upper 150 m depth, 10 m between 150 m and 250 m
depth, 25 m between 250 m and 500 m depth, and 50 m between
500 m and 1000 m depth. Resolution near the shelf break is 1 km
in the horizontal and 5 m in the vertical, sufficient to resolve the
surface and bottom boundary layers and lateral scales that arise in
the vicinity of the shelfbreak. Since we are interested in the wind-
driven upwelling at depths near the shelfbreak, the model domain
is limited to the upper ocean. The Coriolis parameter is f 0 ¼ 1:3"
10#4 s#1 and taken to be constant. Density is determined
by salinity only as ρ¼ ρ0þBðS#S0Þ, where B¼ 0:8 kg m#3 is the
haline contraction coefficient, ρ0 ¼ 1026 kg m#3 is a reference
density, and S0 ¼ 35. The initial stratification is piecewise uniform
in the vertical, N2 ¼ 3" 10#5 s#2 in the upper 100 m and N2 ¼ 1"
10#5 s#2 below that. The initial salinity profile and topography
near the shelfbreak (upper 200 m only) are shown in Fig. 2.
We have neglected to include the eastward flowing shelfbreak
jet in the initial condition because prior work indicates that, under
upwelling conditions, the presence of an initial eastward flow
does not significantly influence the results (Pickart et al., 2011).
The baroclinic deformation radius based on this upper ocean
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Fig. 1. Circulation schematic for the Chukchi and western Beaufort Seas, including geographical place names. The two transects considered in the study, ICESCAPE 2011 and
SBI 2002, are indicated, as is the SBI mooring array.
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The	large	bodied,	lipid	rich	copepod	Calanus	
glacialis/marshallae	is	a	prominent	member	of	the	

Chukchi	Sea	plankton	
C. glacialis/marshallae C5-C1 

•  Key	link	in	Arc'c	food	web,	food	for	upper	trophic	levels	such	as	
whales,	fish	and	birds	

•  Mul'-year	life	history	
•  Overwinters	as	juvenile	stage	IV	or	V	in	Chukchi	Sea,	subsis'ng	

on	stored	lipid	and	by	reducing	metabolism	
	



Ques'ons	

•  Despite	the	high	produc'on	of	the	Chukchi	Sea,	
standing	stocks	and	grazing	impact	on	that	PP	of	C.	
glacialis	are	rela'vely	low		

Ø Why	are	there	not	higher	standing	stocks?	
Ø  Can	C.	glacialis	successfully	overwinter	

(diapause)	in	the	Chukchi	Sea?	
	



Distribu'on	data	collected	during	two	cruises	
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Startling	temporal	and	spa'al	paGerns	seen	in	spring	
Early	copepodid	stages	of	C.	glacialis	much	more	abundant	
during	second	por'on	of	cruise	in	southern	part	of	study	region	

Before June 7 June 7 and Later 
C. glacialis  
CI-CIII 

C. glacialis 
 CIV-AF 

Low	abundance	early	
Much	higher	
abundances	late	

Approximately	
equivalent	
abundances	during	
both	periods	



November	2011	 June	7		-	19,	2014		

Most	Calanus	g/m	in	the	Chukchi	do	not	seem	
to	successfully	overwinter	

•  Two	dis'nct	popula'ons,	Bering/Chukchi	and	Arc'c	Basin,	were	seen	in	the	
northern	Chukchi	during	both	cruises	based	on	popula'on	structure	and	
gene'cs	(not	shown)	

May	17	–	June	7,	2014		



Gene'cs	confirms	northern	loca'ons	contained	
Arc'c	popula'ons	and	that	Chukchi	contained	

Bering	Sea	popula'ons	

MtCOI haplotypes 

Bering Sea 

C. marshallae 

Arctic 

Nov.-Dec. 2011 May-June 2014 



Did	the	copepods	die	off	or	were	they	
carried	off	of	the	shelf	in	currents	over	

the	winter?	



Calanus	u'lizing	stored	lipid	may	not	survive	un'l	
spring	

•  Lipid	metabolism	rate	in	early	winter	(November)	was	
es'mated	based	on	respira'on	experiments;	survival	'me	
based	on	lipid	metabolism	rate	and	es'mated	lipid	content	

•  The	data	show	that	survival	'me	is	at	most	3-4	months	for	C5	
and	less	for	adults	
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C.	glacialis	may	be	able	to	survive	if	metabolism	is	further	
reduced	

•  Early	winter	respira'on	of	adult	females	was	2/3	that	of	spring	
•  C.	glacialis	was	s'll	grazing	at	very	low	but	detectable	rates	in	
early	winter	

Chlorophyll,	µg/L		



Arctic 

Late  
Chukchi 

Early 
Chukchi 

What	about	advec'on?			

•  Sta'on	groups	separate	out	spa'ally	and	temporally	
•  Late	Chukchi	sta'ons	had	young	C.	glacialis	

2014	



“Late	Chukchi”	sta'ons	had	warm	Bering	Sea	Water,	
indica'ng	inflow	

Arc'c	Type	(Red):		Cold,	fresh	Melt	water	and	mixing	with	warm,	salty	Atlan'c	Water	
Early	Chukchi	(Green):		Winter	Water	
Late	Chukchi	(Blue):	Winter	Water	and	mixing	with	warm	Bering	Sea	Water	



Backwards	advec'on	to	source	la'tude	during	backwards	development	'me	from	
copepodid	stages	at	collec'on	to		produc'on	as	eggs	using	temperature	and	
circula'on	from	BIOMAS	model	of	Zhang	et	al.	2010,	2014	and	temperature	
development	from	Ji	et	al.	2012	

C.	glacialis	copepodids	originated	in	northern	Bering	and	
southern	Chukchi	Sea	
Three	different	origins	and	advec've	pathways	for	the	copepodids	



C.	glacialis	in	northern	Chukchi	in	August	would	be	
distributed	across	Beaufort	Shelf	break,	Beaufort	Shelf,	
and	towards	Chukchi	Cap	by	winter	

2012	 2013	

EllioG	et	al.,	submiGed,	DSRII	

Forwards	advec'on	circula'on	from	Arc'c	Ocean	FVCOM	(Chen	et	al.,	2009;	2013)		



Conclusions	

•  Bering	Sea	plankton	in	the	Chukchi	Sea	either	die	or	are	
advected	off	of	the	shelf	during	winter	and	are	renewed	
annually	by	inflow	from	the	Bering	Sea	
–  During	the	second	por'on	of	the	2014	spring	cruise,	the	central	

Chukchi	was	flooded	by	water	and	plankton	origina'ng	in	the	Bering	
Sea	that	renewed	popula'ons	on	the	shelf	

–  Calanus	in	the	Chukchi	may	have	been	born	in	Bering	Sea	and	can	
easily	be	advected	off	of	the	shelf	in	the	same	year	

–  During	winter,	the	supply	of	Calanus	from	the	Bering	must	be	low	
–  At	measured	early	winter	metabolic	ac'vity,	they	had	insufficient	lipid	

stored	to	survive	without	feeding	un'l	spring	unless	metabolism	is	
further	reduce	

–  Another	intriguing	possibility	is	that	Calanus	that	migrate	to	depth	to	
overwinter	on	the	shallow	shelves	may	encounter	the	sea	floor	and/or	
be	eaten	by	the	abundant	benthos	



Big	Picture	

•  Most	Chukchi	Sea	plankton	originate	in	the	northern	Bering	Sea	and	
are	advected	through	the	Chukchi	Sea	in	less	than	a	year	

•  This	may	explain	why,	despite	abundant	phytoplankton	and	ice	algal	
food,	standing	stocks	of	water	column	grazers	remain	low	rela've	to	
the	available	food	and	are	unable	to	graze	all	of	it,	resul'ng	in	
strong	benthic-pelagic	coupling	

•  Earlier	sea	ice	retreat,	later	sea	ice	forma'on,	and	poten'ally	
increases	in	under-ice	blooms	may	provide	earlier	and	later	grazing	
opportuni'es	and	a	more	protracted	growth	season	(see	poster	by	
Z.	Feng)	

•  However,	warmer	ocean	temperatures	later	in	the	year	may	lead	to	
periods	of	high	respira'on	and	more	rapid	u'liza'on	of	lipid	
reserves,	decreasing	overwintering	survival	of	lipidic	copepods	
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