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INTRODUCTION

A key ecological organizing principle in Pacific Arctic region is that the shallow, seasonally
productive waters lead to strong pelagic-benthic coupling to the sea floor, with deposition
of fresh chlorophyll coinciding with the spring bloom as sea ice retreats

Benthic macrofauna dominated by clams, polychaetes, sipunculids, and amphipods feed
on rapidly deposited carbon to the seafloor, which in turn serve as food resources for
diving mammals and seabirds, such as gray whales, bearded seals, eiders, and walruses
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Generalized conceptual model depicting the influence of sea ice on pelagic-benthic coupling on Pacific Arctic continental shelves.



Key Points of Presentation

* Overview of key environmental drivers that influence benthic
processes, prey-predator interactions, and ecosystem dynamics

— Decrease in sea ice extent and duration
— Seasonal warming bottom seawater temperatures

— Change in prey concentrations

— Northward movement of core benthic faunal biomass in hotspot
areas associated with variable carbon deposition

* Decadal scale studies provide status and trends of ecosystem
response to advective shifts on the Arctic shelves

* Repeat sampling on both temporal and spatial scales facilitate
evaluation of the seasonality of ecosystem status and trends, such as
the international Distributed Biological Observatory (DBO)



Current flow and bottom water temperatures from March-October
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e Advective regime

* High nutrients western side

* Increasing volume of warm Pacific
water through Bering Strait in
recent Years (Woodgate et al. 2012]
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Persistent biological hotspots maintained by deposition of in situ and
advected carbon to the benthos
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Benthic Foragers: Response to Changes in Sea Ice

Gray whales = shifts in distribution
reflects sea-ice related prey decrease
(amphipods: time and space), plus
opportunity feed on euphausiids and
staying longer north near Barrow to feed

Walrus = loss of sea ice platform for riding, resting,
nursing calves & access to Chukchi shelf feeding areas

Diving seaducks = changing sea
ice location as resting platform




Linking Physics to Biology: the Distributed Biological
Observatory (DBO) hitip://www.arctic.noaa.gov/dbo/
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* DBO sites (red boxes) are regional
“hotspot” transect lines and
stations located along a
latitudinal gradient (DBO1-5) and
longitudinally (DBO6-8)
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Distributed Biological Observatory
Standardized Sampling Protocols

Conductivity, Temperature, Depth (CTD), Acoustic Doppler Current Profiler
(ADCP) data

Bottle data for chlorophyll and nutrients

Abundance, biomass and composition of ice algae, phytoplankton, zooplankton,
benthic fauna (both infauna and epifauna), and fish

Sediment parameters (grain size, organic carbon content, chlorophyll a content)
Seabird and marine mammal surveys

Mooring data (temperature (T), salinity (S), currents, fluorescence, nutrients,
sediment traps

Satellite data (data presented are weekly averages of most recent data on:
(1) chlorophyll pigment concentration; (2) sea surface temperature (SST); (3) sea
ice concentration; (4) cloud fraction, and (5) winds and sea level pressure



Satellite Visualization Data for the Distributed Biological

Observatory (DBO)

J. C. Comiso, Karen Frey, L. V. Stock, R. A. Gersten, and H. Mitchell.
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Trends in Annual Sea Ice Persistence (days/year)
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Trends in Annual Sea Ice Persistence (DBO 1-8)

Hatching indicates statistically significant trends (Mann-Kendall p<0.1)
Trends in annual sea ice persistence have accelerated since 2000
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e Trends in annual sea ice persistence have
accelerated since 2000

* Recent gains in annual sea ice persistence in
the south (DBO 1-2) transition to losses in the
north (DBO 3-8)

[Karen Frey, Clark
University]
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Canada’ Three Oceans (C30-DFO Canada) and the Distributed

Biological Observatory (DBO-NSF, USA) 2015-A0ON Project
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Left: Integrated Chlorophyll a during annual July
DBO cruise in 2013

DBOL1 chl a highest in spring
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AMBON 2015 Cruise: August-September BOEM

Bureau or Ocean Enercy Manacement

Goal: Evaluate faunal biodiversity and environmental drivers
erstand Chukchi Sea ecosystem dynamics
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DBO3 moorings during July 2012 to July 2014
*In 2016: DBO1-5 each has a mooring array .

E 2
[
- :
£
S
-2 T T r 30
Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul
2013 2014
Turbid and low Turbid and low
6 : oxygen water
™~ =
% 300- pou )
£
200 &
5 $
o |
S oo g
0
Jul
30 T
C Seaice Seaice
154
- I
E 36, N
g
ow
R T all bloom ' :
= II-bloon
S 780
144 { 155'W
AN s W
0

Jul Sep Nov Jan. Mar May Jul Sep Nov Jan Mar May Jul [NiShino et al 2015b]
2013 2014 "



Distribution of benthic biomass and dominant fauna (left with
bounding boxes) and carbon supply (right)
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latitudinal gradient from northern Bering
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Threatened spectacled eiders keyed to sea ice and
specific bivalves (Northern Bering Sea-DB0O1)
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Spatial gradient in benthic biomass (gC/m?) in the northern Bering
Sea-high west to low east trend; northward focus high biomass zone

HLY0601

St. Matthew

St. Lawrence
Istand

St. Matthew

\

St. Matthew
Island

Predicted'Bjomass
(gC/m’)
0-5 %
-10 3
5

redicted and Predicted Biomass Island ‘
(gC/im’) ) { Nunivak
0- Bering Sea \ 0-5 Bering Sea Island,
m . \ Depth (m)
s- / m 5-10 L~ 030
1 vo- ww core{ - I 10-15 a1-50
I 15- 20 ——si-80 s o1 s1-80
01 20 al Miles 81-200
I 20- 3078 \ -———— "
T 175
L
HLY0801 St. Lawrence

Bering Sea >

St. Matthew

Island
\\ Bering Sea
), /

FredictemBgomass
Nunivak (gCim’)
Island, -

Nunivak
Island,

-15
B 5-20
I 202545 \
T

* Northward
direction
of core
benthic
biomass in
hotspot



Regional decline in dominant bivalve (N.

radiata), with shift to

smaller bivalve (E. tenuis) (SLIP- DBOl)

* Coincident decline in sediment community oxygen

consumption indicative of reduced carbon supply to

the benthos

* Impact on declining spectacled eider populations
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Dominant macrofaunal biomass (gC/m2) in March 2008 and 2009
south of St. Lawrence Island in the northern Bering Sea

- The red box surrounds the three time series sites where decadal biomass

declines have been observed and indicates the change in dominance from bivalves

to polychaetes that occurred in 2009
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DBO1: South St. Lawrence Island-decline bivalves (July 2016)
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“Footprint” of ampeliscid amphipod prey hotspot
contracting spatially northward in Chirikov Basin (DBO2)
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DBO2: Chirikov Basin-amphipods (July 2016)
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DBO2: Chirikov Basin-changed to polychaetes (July 2016)
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Rich benthic communities on the western side of the
Bering/Chukchi Sea system 2000-2012
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North Bering Strait (UTN1): SE Chukchi Sea-sand dollars (July 2016)
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DBO3 (SEC1): SE Chukchi Sea-bivalves (July 2016)
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Macrofaunal benthic biomass (gC m2)

SE Chukchi Sea (DBO3)
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Benthic macrofaunal biomass pre- and post-2005 shows northward
migration benthic hotspots: SLIP, Chirikov, SECS
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NE Chukchi Sea Benthos
-DBOA4 region: bivalves, polychaetes and sipunculids
-DBOS5 (Barrow Canyon): higher diversity benthic fauna
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DBO4 (4.3): NE Chukchi Sea-bivalves (July 2016)




DBO5: Barrow Canyon (August 2009)




Major ecological shifts expected with reduced sea ice conditions

20th Century Conditions = 350 ppm 2 3

[Cooper and Grebmeier-Chukchi Sea case study, 2016, “Climate Change and Biodiversity”, 2" edition.
Thomas Lovejoy and Lee Hannah, editors. Yale University Press]



Summary

Biological sampling across a range of spatio-temporal scales is required to
detect ecological shifts in response to environmental forcing

Repeat time and space collections of various environmental and biological
parameters, coincident with process studies, is allowing us to evaluate
seasonality and interannual Arctic ecosystem status and trends

Strong need for time series analyses in multiple components of the
biological and biogeochemical system in relation to changes in physical
forcing factors

Benthic macrofaunal time series data indicate a northward shift in the core
benthic biomass in the persistent biological hotspot areas in the Bering Strait
region

Tracking macrofaunal prey base with associated seasonal benthivore
feeding and movement providing insight of ecosystem status and trends at
the subarctic-arctic interface in the Pacific Arctic



Thank you for your attention.

Questions and comments?

Thank you to all Pacific Arctic Region colleagues and 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.
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