
Lower	Trophic	Level	DBO	Studies,	
2010-2015	
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Sir	Wilfrid	Laurier:	July	2013	

Phytoplankton	community	composiNon	(Chlorophyll	
max)	
•  Diatoms	tend	to	be	most	abundant,	especially	when	

cell	counts	are	high	
•  Notable	abundance	of	coccolithophores	on	the	

DBO3	and	DBO4	lines	
[Karina	Giesbrecht]		



Cell	numbers	don’t	tell	the	whole	story	
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•  QuanNfied	diatom	
contribuNon	to	bSiO2	
producNon	using	
fluorescent	tracer	PDMPO	

July	2015:	Sir	Wilfrid	Laurier	

[Diana	Varela]		



Plankton	and	DBO	Data	Products-Jackie	Grebmeier	

SWL14	DBO3	
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SWL14	DBO3	

Top	LeR:	Integrated	Chlorophyll	a	during	
annual	DBO	cruise	
	
BoSom	leR:	Phytoplankton	taxonomy,	with	
dominance	by	diatoms	in	western	side	
maintained	by	nutrient	rich	Anadyr	and	
Bering	Shelf	waters	
	
BoSom	right:	nitrate/nitrite	(top	panel)	and	
ammonium	(bo\om	panel)	(µM)	
	

DBO1	

DBO5	

DBO3	



Zooplankton	abundances	varied	interannually	
by	taxa/species	

COPEPODs	
NON-COPEPODs	

•  Copepods	had	greater	abundances	in	2008	&	2010	than	in	2005-2006	
•  2011	had	very	high	abundances	of	meroplankton,	cnidarians,	and	krill	furcilia	
(ProporNonal	deviaNon	from	mean	abundance)	
	 [Carin	Ashjian-WHOI]	



[Cathy	Coon]	



CHAOZ	data:	
Zooplankton	
community	
cluster	analysis	
Dark	green:	
larvaceans		
cnidarians	
cirripedia		
Pseudocalanus	spp.		
Oithona	spp.		
	
Dark	red:	
Calanus	glacialis	
	
Dark	Blue:	
cladocerans	
thecosomata	
	
	 Adam Spear, Jeff Napp, Janet Duffy-Anderson, Sigrid Salo, Phyllis Stabeno	



Mean	abundances		(No.	m-3)	of	major	taxa	

Adam Spear, Jeff Napp, Janet Duffy-Anderson, Sigrid Salo, Phyllis Stabeno (CHAOZ)	



Transport	duraNon	of	zooplankton	from	St.	Lawrence	
Island	to	the	northeast	Chukchi	

Green	circles	indicate	counted	number	of	euphausiid	calyptopis	

Adam Spear, Jeff Napp, Janet Duffy-Anderson, Sigrid Salo, Phyllis Stabeno (CHAOZ)	



ArcNc	EIS:	
	Temperature	above	pycnocline,	07Aug-24Sep	

•  most	differences	occurring	in	the	northeast		
•  ACC	reduced	in	2013	

-2   1   0   1   2   3   4   5   6   7   8   9  10  11  12 -2   1   0   1   2   3   4   5   6   7   8   9  10  11  12 

Pinchuk	&	Eisner,	Deep-Sea	Research	II,	in	revision	
Coastal  Impacts  

Assistance  Program 

2012	 2013	

SpaNal	Heterogeneity	in	
Zooplankton	DistribuNon…	



Pacific	Species	Complex	

																																																				Tabove																		Tbelow																					Sabove																Sbelow	
	
CorrelaNon		(p<0.05)														-0.041											-0.092											0.510											0.439	

•  strong	posiNve	correlaNons	to	salinity	indicate	a	link	to	the	Bering/
Chukchi	Summer	Water	

•  occur	over	the	Central	Channel	and	in	northeast	in	2012,	but	
restricted	to	southern	shelf	in	2013	

2012	 2013	

Pinchuk	&	Eisner,	Deep-Sea	Res.	II,	in	revision	



ArcNc	Species	Complex	

																																																												Tabove																		Tbelow																					Sabove																Sbelow	
	
CorrelaNon		(p<0.05)																	-0.541											-0.468											-0.440											0.080	

•  strong	negaNve	correlaNons		to	temperature	and	salinity	above	the	
pycnocline,	indicate	a	link	to	Melt	Water	

•  virtually	absent	in	2012,	but	expanded	in	the	northeast	in	2013	

2012	 2013	

Pinchuk	&	Eisner,	Deep-Sea	Research	II,	in	revision	



Calanus		glacialis	

•  occur	over	the	Central	Channel	and	in	the	northeast	in	2012		
•  two		centers	of	distribuNon	in	2013:	south	and	northeast		

2012	 2013	

Pinchuk	&	Eisner,	Deep-Sea	Research	II,	in	revision	



Calanus	glacialis		developmental	stage	composiNon	

•  “older”	C5	copepodites	over	the	eastern	shelf	in	2012	
•  “younger”	C3	copepodites	in	the	northeast	in	2013	
•  two	populaNons	of	separate	origins:	the	ArcNc	populaNon	with	
longer	development	Nmes	expanded	in	2013.		

2012	 2013	

Pinchuk	&	Eisner,	Deep-Sea	Research	II,	in	revision	



Abundance	and	distribuNon	of	Limanda	spp.	
(yellowfin	sole)	and	Hippoglossoides	robustus	

(Bering	flounder)	eggs	

2012	 2013	

Icthyoplankton	Assemblages	and	DistribuNon	…	
Morgan	Busby,	Janet	Duffy-Anderson,	Kathryn	Mier,	Heather	Tabisola	

Coastal  Impacts  
Assistance  

Program (CIAP) 



Abundance	and	distribuNon	of	Limanda	aspera	
(yellowfin	sole)	larvae		

2012	 2013	

Morgan	Busby,	Janet	Duffy-Anderson,	Kathryn	Mier,	Heather	Tabisola	



Abundance	and	distribuNon	of	Boreogadus	
saida	(ArcNc	cod)	larvae	and	juveniles		

2012	 2013	

Morgan	Busby,	Janet	Duffy-Anderson,	Kathryn	Mier,	Heather	Tabisola	



[Seth	Danielson]	



[Grebmeier	et	al.	2015,	Oceanography]	

SpaNal	distribuNon	of	macrofaunal	biomass	in	the	Pacific	ArcNc	
(1973-2012),	with	Nme	series	line	(RUSALCA	CS=DBO3)	

S	

N	

UTN	
1-7	



[modified	from	Grebmeier	2012;	Grebmeier	et	al.	2015]	

DistribuNon	of	benthic	biomass	and	dominant	fauna,	with	DBO	
bounding	boxes		

	
SWL2011	

•  Sediment	community	oxygen	consumpNon	
as	indicator	of	carbon	supply	to	the	benthos		

•  Macrofaunal	biomass		increasing	along	a	
laNtudinal	gradient	from	northern	Bering	
Sea	to	southern	Chukchi	Sea	

•  Recently	hotspot	areas	sampled	as	part	of	
Distributed	Biological	Observatory	effort	
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LaNtudinal	Trends	in	Macrofaunal	Benthic	Biomass	and	Carbon	Supply	

•  High	variability	of	macrofaunal	biomass	(green)	in	SE	Chukchi	Sea	as	bounding	box	covers	
both	Bering	Shelf-Anadyr	Water	(highest	values)	and	Alaska	Coastal	Water	(ACW)	(lowest	
values)	2000-2012	

•  Finer	sediments	in	offshore	BSAW	and	coarser	sediments	in	nearshore	ACW	indicates	
advecNve	nature	of	overlying	water	flow	and	deposiNon	pa\erns	

-	Coastal	waters	

-core	of	biological	
hotspot	

[Jackie	Grebmeier]	



Macoma	photo	from	Jerry	Ray,	University	of	
Virginia	

SpaNal	gradient	in	benthic	biomass	(gC/m2)	in	the	northern	Bering	
Sea-high	west	to	low	east	trend;	northward	focus	high	biomass	zone	

[Grebmeier	and	Cooper	2015,	Springer	Dual	Career	book	chapter,	in	press]	

• Northward	
direcNon	
of	core	
benthic	
biomass	in	
hotspot	



SE Chukchi Sea (DBO3) 

[StaNons	on	CS	line]	

[Grebmeier et al. 2015 Oceanography] 

0 

20 

40 

60 

80 

100 

120 

140 

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 

UTN1 

UTN2 

UTN3 

UTN4 

UTN5 

UTN6 

UTN7 

CS4 

CS8 

CS12 

CS17 

Year 

M
ac

ro
fa

un
al

 b
en

th
ic

 b
io

m
as

s 
(g

C
 m

-2
) 

Station 

• Northward	
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Sipuncula	

Regional	decline	in	dominant	bivalve	(N.	radiata),	with	shiR	to	
smaller	bivalve	(E.	tenuis)	(SLIP-DBO1)	

	

	[Grebmeier	Ann.	Rev.	Mar.	Sci.	4,	2012;	updated	M	Kedra]	
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N.	radiata	

E.	tenuis	

Linear	(N.	radiata)	

•  Fining	sediments	over	Nme	

•  Coincident	decline	in	sediment	community	oxygen	
consumpNon	indicaNve	of	reduced	carbon	supply	to	
the	benthos	

•  Impact	on	declining	spectacled	eider	populaNons	

Northern	
DBO	staNons	

[Jackie	Grebmeier]	



Bering Chukchi 

Bering 
Chukchi 

•  bSiO2	and	chlorophyll	a	
–  Interannually	variable	
–  Decreasing	trend	from	
2013	

•  Chukchi	sea	more	
producNve	with	greater	
contribuNon	of	>5-µm	
cells		

•  2012-2013	trend:	a	
possible	response	to	
2012	sea-ice	minimum?	

[Diana	Varela]	



SLW2015	

[Jackie	Grebmeier	and	Lee	Cooper]	



Sipuncula	

Regional	decline	in	dominant	bivalve	(N.	radiata),	with	potenNal	
shiR	to	smaller	bivalve	(E.	tenuis)	(SLIP-DBO1)	

	

	[Grebmeier	Ann.	Rev.	Mar.	Sci.	4,	2012]	

MA04CH04-Grebmeier ARI 3 November 2011 13:42
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Nuculanidae (Nuculana radiata)*
Nuculidae (Ennucula tenuis)
Tellinidae (Macoma calcarea)
Maldanidae
Sipunculidae

Linear regression:
y = –2.5359x + 5,118.8
r2 = 0.64509; p < 0.0001

*

Study areaStudy area

Bering SeaBering Sea

Study area

Bering Sea

Figure 6
Decline in the dominant nuculanid bivalve Nuculana radiata at five time-series sites in the northern Bering
Sea as part of the Distributed Biological Observatory initiative (Grebmeier et al. 2010). Although not
statistically significant, beginning in 2003 (dashed line) there is a general trend upward in biomass of the
smaller nuculid bivalve (Ennucula tenuis), which is not a preferred prey item for spectacled eiders.

that transits northward from the Chukchi Sea system, along with high spring primary production
in the region (Hill & Cota 2005, citations in Grebmeier et al. 2006a).

Research findings suggest that climate change will influence the standing stock of benthic
species and that the transition zone between sub-Arctic and Arctic waters in the Pacific region
may be moving northward in the Bering Sea (Grebmeier et al. 2006a,b; Bluhm et al. 2009). In the
classic ecosystem configuration, export production in the northern Bering Sea is dominated by
the direct, nearly ungrazed deposition of phytoplankton, which maintains the high productivity
of the underlying benthic communities, which are in turn key prey for benthic feeding specialists
such as diving sea ducks, bearded seals, walrus, and gray whales (Grebmeier & Barry 2007).

Time-series sites embedded in larger clustered communities (based on faunal composition and
biomass) in the northern Bering and Chukchi Seas indicate a latitudinal change, with the largest
decline to the south and north of St. Lawrence Island at the interface with the Arctic proper, north
of the Bering Strait. For example, biological changes include a decrease in overall benthic biomass
of the dominant bivalve fauna south of St. Lawrence Island (sidebar; Grebmeier & Dunton 2000,
Lovvorn et al. 2003, Grebmeier et al. 2006b, Lovvorn et al. 2009) and of amphipods north of
the island in the Chirikov Basin (Moore et al. 2003, Coyle et al. 2007). The declining extent
of amphipod populations in the Chirikov Basin and the northern range extension of gray whale
feeding sites to as far north as Barrow, Alaska (Moore et al. 2003, Moore 2008), are among the
indications that a larger spatial-scale ecosystem change is underway.

BIOLOGICAL RESPONSE: NORTHWARD ADVECTION, MIGRATIONS,
AND BIODIVERSITY IMPACTS
These recent observations of seasonal ice reductions are also driving shifts in marine species
composition in other ways that signal large-scale ecosystem reorganization (Huntington & Moore
2008). Potential biological impacts that require focused evaluation include (a) shifts in species
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N.	radiata	

E.	tenuis	

Linear	(N.	radiata)	

[updated	by	M.	Kedra	and	J.	Grebmeier]	

•  Coincident	decline	in	sediment	community	oxygen	
consumpNon	indicaNve	of	reduced	carbon	supply	to	
the	benthos	

•  Impact	on	declining	spectacled	eider	populaNons	

[Jackie	Grebmeier]	



“Footprint”	of	ampeliscid	amphipod	prey	hotspot	
contracNng	spaNally	northward	in	Chirikov	Basin	(DBO2)	

[Kate Stafford] 

Graphic:	Grebmeier,	unpubl.	data,	see	h\p://www.arcNc.noaa.gov/dbo/dbo2-related-Nme-series;	also	Coyle		
et	al.,	2007	

•  Northward	
direcNon	of	core	
benthic	biomass	
in	hotspot	

•  Polychaetes	
replacing	
amphipods	

[Jackie	Grebmeier]	



ArcNc	Marine	Biodiversity	Observing	Network	(AMBON)	2015	

Water	column	
Chlorophyll	a	

Surface	sediment	
δ13C	

Sediment	C/N	

Surface	sediment	total	
organic	carbon	

Surface	sediment	
chlorophyll	a	

DBO3	

DBO4	

DBO3	

DBO4	

DBO3	

DBO4	 DBO3	

DBO4	

DBO3	

DBO4	

[Jackie	Grebmeier]	



Benthic Biomass and Dominant Taxa in the Northern Bering 
and Chukchi Seas, with Diversity Index on DBO 3	

[modified	from	Grebmeier	2012;	Grebmeier	et	al.	2015]	

Below: Distribution of benthic biomass 
and dominant fauna, with DBO bounding 
boxes  
	

Above:	Diversity	values	highest	
in	coarse,	nearshore	sediments,	
with	lower	values	in	finer,	silt	
and	clay	sediment	
[courtesy	Monika	Kedra,	InsNtute	of	
Oceanology	Polish	Academy	of	Sciences]	

SWL2011	

[Jackie	Grebmeier/UMCES]	



DBO3-RUSALCA	Time	Series	Site,	Macrofaunal	Similarity	Clustering	

[Grebmeier	et	al.	2015,	Oceanography	28(3)]	



Benthic	diversity 
 

Monika Kędra1, Jacqueline Grebmeier 2, Lee Cooper2  

1 Institute of Oceanology Polish Academy of Sciences, Sopot, Poland 
2Chesapeake Biological Laboratory Center for Environmental Science,  

University of Maryland, USA 
 

 



van	Veen	grab	

1	mm	sieve	

Species	number	

Samples	collected	during	CCCG	Sir	Wilfried	Laurier	cruises		
in	2007,	2010,	2011	and	2012;		
and	(not	processed	yet)	2008;	2013,	2014,	2015	 [Monika	Kedra]	



SLIP:	south	of	St.	Lawrence	Island	
	
	
	

0	

100	

200	

300	

400	

0	
100	
200	
300	
400	

0	

100	

200	

300	

400	

0	
100	
200	
300	
400	

0	

100	

200	

300	

400	

2007	2010	2011	2012	No	of	
variables	

Best	variable	
combinaNon	

1	 Fine	sand	(0.417)	

2	 Sand	and	fine	sand	
(0.419)	

3	
Very	coarse	sand,	
sand	and	fine	sand	

(0.416)	

BIO-ENV results: 

DominaNng	
subsurface	deposit	
feeding	Nuculana	
radiata,	Ennucula	
tenuis	and	surface	
feeding	cirratulids	
	 [Monika	Kedra]	



BDO	site#2:	Chirikov	Basin	
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Surface	deposit	feeding	
Protomedeia	spp.	and	
Ampharete	spp.,	
suspension	feeder	
Ampelisca	macrocephala	
	

No	of	
variables	

Best	variable	
combinaNon	

1	 Fine	sand	(0.392)	

2	 Fine	sand;	silt	
(0.406)	

3	 Fine	sand;	silt;	
TOC	(0.412)	

BIO-ENV results: 

[Monika	Kedra]	



surface	deposit	feeding	Macoma	calcarea	and	M.	moesta,	
Protomedeia	spp.	and	Pontoporeia	femorata	
	
suspension	feeder	E.	parma:	indicator	of	hydrodynamic	stress	
Towards	the	shore	suspension	feeders:	Hiatella	arcNca	and	
ascidians	

DBO	site	#3:	Southern	Chukchi	Sea	
	
	

0	

500	

1000	

1500	

2000	

0	

500	

1000	

1500	

2000	

0	

500	

1000	

1500	

2000	

0	

500	

1000	

1500	

2000	

No	of	
variables	 Best	variable	combinaNon	

1	 Very	fine	sand		(0.462)	

2	 Very	fine	sand;	gravel	(0.579)	

3	 Sand;	gravel;	coarse	sand;	
depth;	C/N	(0.567)	

BIO-ENV results: 

[Monika	Kedra]	



N	

DBO	site	#3:	Southern	Chukchi	Sea	
	
	

More	species,		higher		densiNes,	
Same	biomass	
→	increase	of	„wrong”	species	
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Kruskal-Wallis	test:	H(3,	N=132)=58*	 Kruskal-Wallis	test:	H(3,	N=132)=26*	

Kruskal-Wallis	test:	H(3,N=132)=7	

[Monika	Kedra]	
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[Monika	Kedra]	



Thank you to all DBO collaborators, field and laboratory technicians 
over the years for the time series efforts. Financial support for the 

science provided by the US NSF, NOAA, BOEM, NASA, and ongoing 
international science partners in the Pacific Arctic Group. 

Thank you for your attention. 
 

Questions and comments? 

http://www.arctic.noaa.gov/dbo/ 


