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ABSTRACT. Benthic macrofaunal and epifaunal composition and biomass and
associated environmental drivers were evaluated for time-series stations occupied
during three cruises of the RUSALCA (Russian-American Long-term Census of the
Arctic) program undertaken in August 2004, September 2009, and September 2012.
We focus on the benthic communities collected at repeat stations in the southern
Chukchi Sea and the key environmental characteristics that could influence benthic
population structure and biomass. These characteristics included bottom water
temperature, salinity, and chlorophyll a (chl a); integrated chl a; export production via
sediment oxygen uptake rates as an indicator of food supply to the benthos; and surface
sediment parameters that are known to influence benthic population community
composition and biomass, such as grain size, carbon content, and chl a. Overall, both
the macrofaunal and epibenthic community composition at the time-series sites in the
southern Chukchi Sea have remained relatively constant over the time period of this
study (2004-2012). However, some of the more sedentary macrofauna are showing
significant declines in biomass since 2004, particularly in the center of a macrobenthic
hotpot that has been persistent for decades in the southern Chukchi Sea. While
biomass estimates were more variable for the more motile epibenthic fauna, there was
also an indication of declining epifaunal biomass since 2009. We highlight here as a
case study the benthic time-series efforts during RUSALCA that are also part of the
Distributed Biological Observatory (DBO) international network, which is tracking
the status and trends of Arctic ecosystem response to the changing physical drivers in
the southern Chukchi Sea.

INTRODUCTION

Changing seasonal sea ice conditions and
seawater temperatures strongly influence
biological processes and marine ecosys-
tems at high latitudes (Grebmeier et al,,
2006a; Kedra et al., 2015). Understanding
the impacts of reduced seasonal sea ice
and warming seawater on water column

FIGURE 1. Distribution of RUSALCA
benthic sampling
sampling years color-coded: 2004
in green, 2009 in red, and 2012 in
blue, and repeat time-series sites
for two of the years in yellow and

stations with

all three years in purple. The circles
represent collections by US scien-
tists and the squares by Russian
scientists. The general current flow
(dotted and solid lines with arrows)
is modified from Grebmeier et al.
(2015). This paper focuses on
the southern Chukchi Sea time-
series sites indicated by purple
dots along the CS (Chukchi South)
and CL (Cape Lisburne) lines.
ACW = Alaska Coastal Water.

BSW = Bering Sea Water.

AW = Anadyr Water.

SCC = Siberian Coastal Current.

and Dbenthic processes is essential for
tracking and forecasting ecosystem
responses in the Pacific Arctic region,
where the greatest changes in Arctic sea-
sonal sea ice duration and extent have
been observed (Grebmeier et al., 2010;
Frey et al,, 2015). Two important ques-

tions concern how the developing new

system in the Pacific Arctic will influence
system-level ecological processes and
what the potential tipping points are in
biological community structure and bio-
diversity (Moore and Stabeno, 2015). A
primary goal of our study was to inves-
tigate the benthic ecological response to
these changing physical driving factors by
evaluating time-series benthic collections
in the southern Chukchi Sea between the
United States and Russia.

Using samples collected during three
cruises of the Russian-American Long-
term Census of the Arctic (RUSALCA)
in 2004, 2009, and 2012 by both Russian
and American scientists (Figure 1), we
investigated key processes that influ-
ence the Pacific Arctic benthic ecosystem
(both macrofauna and epifauna). Over
the observation period, the southern
Chukchi Sea benthic habitat has increas-
ingly been exposed to significantly longer
open-water periods as seasonal sea ice
has declined (Frey et al., 2014, 2015). We
have collected and developed, with col-
leagues, a large data set of benthic macro-
faunal, and to a limited degree epifaunal,
abundance and biomass in the eastern
Chukchi Sea over the last three decades
(Feder et al., 2005, 2007; Grebmeier
et al., 2006a, 2015 and references therein;
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Bluhm et al., 2009; Iken et al, 2010;
Blanchard et al., 2013a; S. Denisenko
et al., 2015, in this issue). Other related
studies have assessed carbon cycling in
general (reviewed in Grebmeier, 2012;
Mathis et al., 2014; Grebmeier et al., 2015).
However, there have been very limited
oceanographic and biological studies on
the continental shelf regions of the west-
ern Chukchi Sea and East Siberian Sea,
which were focus areas for the RUSALCA
program. RUSALCA (and the previous

US-Russian/Soviet programs such as
BERPAC [Bering-Pacific studies]), as well
as time-series studies in other regions of
the Chukchi Sea continental shelf, have
identified “footprints” of persistent ben-
thic biomass, dominant fauna, and export
of carbon to the sediments in the Pacific
Arctic region (Grebmeier et al., 2015).
The RUSALCA macrofaunal
epibenthic studies have been under-

and

taken since 2004, specifically along the
Chukchi South (CS) and Cape Lisburne

(CL) transect lines (Figure 1), in con-
junction with the Distributed Biological
Observatory (DBO) program initiated
in 2010 (Grebmeier et al., 2010) that also
includes a subset of stations on the CS line
(see Box 1). These time-series stations are
also part of the Circumpolar Biodiversity
Monitoring Program (CBMP), which is
part of the Conservation of Arctic Flora
and Fauna (CAFF) activity of the Arctic
Council (CAFFE, 2013). The international
aspects of the RUSALCA program add

BOX 1. TIME-SERIES BENTHIC BIOMASS ON THE RUSALCA DBO/CS LINE

The RUSALCA time-series stations on the Chukchi South (CS) tran-
sect (Figure B1, left panel) have been incorporated into the interna-
tional Distributed Biological Observatory (DBO), which is tracking
the status and trends of benthic communities and environmen-
tal conditions in the region. The RUSALCA data have been instru-
mental in delineating the benthic biomass hotspot that extends
across the US-Russian border, thereby providing coordinates for
an enhanced suite of ecosystem observations in this region. Data
have been collected in this area not only by RUSALCA during the
first decade of this century but also during prior Russian and US
cruises, including the joint Bering-Pacific cruises (BERPAC) in 1988
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(Akademik Koralev), in 1993 (Okean), in 1995 (Alpha Helix), and
annually since 1998 during DBO cruises with international collab-
orators aboard CCGS Sir Wilfrid Laurier (only in US waters).
Time-series data in the region indicate spatial and temporal
variability in the benthic communities due to variable water mass
dynamics and current velocities. The data overall (excluding the
hotspot stations UTN5 and CS8) indicate declining benthic bio-
mass since the 1970s, with a more rapid decline starting in the
late 1990s (Figure B1, right). However, the high biomass UTN5
station on the CS line had increasing benthic biomass from 2000
to 2010, with subsequent declines after that to 2012; this decline

120 Stations
o UTNI
£ N * UTN2
=0 « UTN3
258 . J o UTN4
=) . / ~-UTN5
5 s N v 9 « UTN6
& 2 « UTN7
g g & " H = I. ° C54
< o B e ] -=-CS8
= . — ‘W: 0::55 o it 4 CS12
0 ° © e % eCsI7
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Year

FIGURE B1. (left) Distribution of dominant benthic macrofaunal taxa
type and total station biomass in the Chukchi Sea from 1973 to 2012
(updated from Grebmeier et al., 2006a). The Chukchi South (CS) line
designates the RUSALCA time-series effort discussed in this paper
with the time-series sites identified on the map in the blowup box.
(right) Time-series macrofaunal benthic biomass measurements from
1973 to 2012 in the benthic hotspot region of the Southeast Chukchi
Sea. Dataindicate a decline inthe dominant bivalve, Macoma calcarea,
and other bivalves species at almost all stations (excluding the highest

macrofaunal biomass UTN5 and CS8 stations), with the black line indicating this trend in macrofaunal benthic biomass (gC m=2) =1,535.83 — 0.75 x Year;
ANOVA F =15.55, p = 0.0002). Coincidently, there was an increase in station biomass from about 2000 to 2010 at Station UTN5, which was dominated
by bivalves (blue solid line), with a subsequent decline from 2010 to 2012. This declining trend at station UTN5 in recent years is similar, but temporally
offset, from the other very high biomass station CS8 that has a declining trend since 2004 (red line), both located in the benthic hotspot.
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special strength to the field effort through
(1) established working relationships
with other US and Russian collaborators,
(2) consistency in sampling approach
and access to legacy data from three
RUSALCA process cruises and past sam-
pling efforts, and (3) time-series stud-
ies of water column and benthic regions
to evaluate system response to chang-
ing environmental parameters. Arctic
climate change is not only predicted to
impact the physical environment, such as

sea ice and seawater characteristics (Frey
etal., 2015), but also may lead to multiple
changes in ecosystem function, including
food web structure, stability, and trophic
transfer efficiency, especially by affecting
the prey base, such as the benthic macro-
and epifauna evaluated in this synthe-
sis paper (Grebmeier et al., 2006a, 2015;
Doney et al., 2012; Kedra et al., 2015).

As sea ice extent declines and sea-
water warms in this region of the Arctic,
the vulnerability of its ecosystem to

environmental change is considered high
(Grebmeier et al.,, 2006b; Wassmann
etal,,2011; Duarteetal.,2012; Grebmeier,
2012). The duration and extent of sea-
sonal sea ice, seawater temperature, and
water mass structure are critical controls
on water column production, organic
carbon cycling, and pelagic-benthic
coupling. Because the productive areas
in the Chukchi Sea are associated with
short food webs and shallow depths,
changes in lower trophic levels can

is similar to the trend for the other high benthic time-series site
(station CS8) (Figure B1-both panels; also see Figure 5 in the
core paper). The overall DBO sampling approach includes col-
lection of a series of coordinated, multitrophic-level observations
that integrate physical, biogeochemical, and biological measure-
ments along transect lines that intersect areas of high benthic
biomass, including the CS line that is considered part of DBO3
(Figure B2; Grebmeier et al., 2015). The Southeast Chukchi Sea
hotspot (DBO3 offshore) is maintained by export to the benthos
of locally produced chlorophyll a (Figure B2, left panel) as well
as advected organic carbon brought into the region by Pacific
water transiting northward through the ecosystem (Grebmeier,
2012). This high level of organic carbon production settles to
the underlying sediments to support the high biomass popu-
lations of macrofauna, with a distinct gradient at DBO3 of high
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benthic biomass offshore and reduced biomass near the Alaskan
coastline (Figure B2, right panel). Both walrus and gray whales
are known to forage at this hotspot seasonally (Jay et al., 2012;
Moore et al., 2014). Sampling in this Southeast Chukchi Sea
region, including at the benthic hotspot on the CS line (Grebmeier
et al,, 2015), has been supported by the US National Oceanic and
Atmospheric Administration and the National Science Foundation
over the years, along with other US federal agencies and interna-
tional partners participating in the Pacific Arctic Group. The latter
is an open membership coordination entity that allows data shar-
ing and planning of sampling opportunities among scientists and
agencies from the US, Canada, China, Japan, Korea, and Russia
(Grebmeier et al., 2010). Further information on the DBO and
RUSALCA can be found at the following websites: http://www.
arctic.noaa.gov/dbo and http://www.arctic.noaa.gov/rusalca.
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FIGURE B2. (left) Distribution of integrated chlorophyll a (mg m=2) during July 2011 at four DBO regions over whole water column,
including the DBO3 transect line in the southern Chukchi Sea. (right) Distribution of total station macrofaunal biomass (gC m=2)

in the same region.
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rapidly impact benthic-feeding higher
trophic levels, such as walruses, gray
whales, and bearded seals (Grebmeier
et al., 2006a, 2015; Moore et al., 2014).
The recent reduction in seasonal Arctic
sea ice could shift the current benthic-
based food web to one more dominated
by pelagic processes.

Benthic macrofaunal biomass reflects
variability in interannual carbon depo-
sition to the seafloor on the shallow
Chukchi Sea continental shelf from south
to north (Grebmeier et al., 2006a, 2015,
and references therein). Bivalves, poly-
chaetes, amphipods, and sipunculans are
the dominant Chukchi shelf macrofauna
(Grebmeier et al., 2006a, and references
therein; Feder et al., 2007; S. Denisenko
et al,, 2015, in this issue). In addition to
food supply and community composi-
tion, sediment grain size reflects local
current speed and thus has an impact
on carbon deposition to the benthos
2012; Grebmeier et al,
2015). Sediment grain size is a key pre-

(Grebmeier,

dictor of benthic faunal community com-
position; by comparison, organic carbon,
which is positively correlated with the
smaller silt and clay grain particles, is a
key predictor of biomass (Grebmeier and
Cooper, 1995; Grebmeier et al., 2006a,
and references therein).

Echinoderms (brittle stars, sea stars,
and sea cucumbers), arthropods (crabs
and shrimps), and mollusks (gastro-
pods) dominate the epibenthic commu-
nities of the Chukchi Sea. Echinoderms
are widespread, and although brittle stars
are numerically dominant in the north-
ern part of the sea, they are more vari-
able in biomass, depending on species
type, and instead sea stars dominate by
biomass (Feder et al., 2005; Bluhm et al.,
2009; Ravelo et al., 2014). Multiple envi-
ronmental factors, including seawater
temperature, food supply, and sediment
grain size, can drive epibenthic biomass
and community structure, similar to
their influences on macrofaunal commu-
nities (Feder et al., 2005; Grebmeier et al.,
2006a; Bluhm et al., 2009; Blanchard
et al, 2013a,b; Petryashov et al., 2013;
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Schonberg et al., 2014). A higher per-
cent of arthropod biomass in the south-
ern Chukchi Sea gives way to propor-
tionally more echinoderms poleward
(Feder et al., 2005; Ravelo et al., 2014).
The dominant snow crab, Chionoecetes
opilio, is the major contributor to the
arthropod biomass on parts of the
Chukchi Sea shelf (Bluhm et al., 2009;
Ravelo et al., 2014). Its core distribu-
tion range has shifted northward over
the past decades (Orensanz et al., 2004;
Mueter and Litzow, 2008), and popula-
tion size in the Chukchi Sea has possibly
increased since the 1970s (Feder et al.,
2005; Bluhm et al., 2009). However, very
cold bottom water temperatures can limit
populations on the northern Chukchi
Sea shelf (Foyle et al.,, 1989). By com-
parison, echinoderms are released from
competitive and predation pressures in
the absence of large crabs (and fishes)
in the northern Chukchi waters, allow-
ing them to become more dominant
(Feder et al., 2005).

The specific objectives of our study
were (1) to determine abundance, bio-
mass, and community structure of macro-
fauna and epifauna at time series (repeat)
stations in 2004, 2009, and 2012 in the
southern Chukchi Sea in the context of
average macrofaunal biomass patterns
across the southern and western Chukchi
Sea, and (2) to interpret the resulting pat-
terns in the light of hydrography, food
availability, and sediment properties.

METHODS

The data for this RUSALCA synthe-
sis effort are based upon sample col-
lections from three multidisciplinary
cruises in the Chukchi Sea, including
biological, chemical, and physical sam-
pling of the water column and benthos
using R/V Professor Khromov: RUSALCA
2004 from August 8-25, 2004; RUSALCA
2009 from September 4-27, 2009; and
RUSALCA 2012 from September 2-24,
2012. The time-series data collected in
the southern Chukchi
(1) determinations of macrofaunal and

Sea included:

epifaunal abundance, biomass, and

community structure, (2) measurements
of sediment parameters and food avail-
ability, including sediment chl a content,
total organic carbon (TOC) and nitrogen
(TON) content, sediment grain size, and
sediment community oxygen consump-
tion (SCOC; an indicator of carbon sup-
ply to the benthos), and (3) hydrographic
measurements from other RUSALCA
team members of bottom water tempera-
ture and salinity (directed by Principal
Investigator [PI] Robert Pickart, Woods
Hole Oceanographic Institution; Pisareva
et al., 2015, in this issue) as well as water
column chl a content (PI Terry Whitledge,
University of Alaska Fairbanks). See the
RUSALCA webpage for cruise reports
and/or http://www.whoi.edu/science/PO/
people/pickart/newFieldPrograms.htm
for hydrographic data.

Summary of Physical
Observations

A combination of cold and high-salinity
Anadyr Water (AW; >32.5) and Bering
Sea Water (BSW; 31.8-32.5), or mixtures
thereof, characterize the bottom waters
throughout the southern Chukchi Sea and
as far north as 72°N in Herald Canyon in
2004, 2009, and 2012 (Figure 1, Table 1;
Coachman, 1987; Grebmesier et al., 1988;
Bluhm et al., 2009; Ershova et al., 2015).
In addition, relatively warm and fresh
Alaska Coastal Water (ACW) normally
occurs on the eastern side of the Chukchi
Sea in all years (Weingartner et al., 2005;
Grebmeier et al., 2006a, 2015; Bluhm
et al., 2009; Pisareva et al., 2015, in this
issue). The western side of the southern
Chukchi Sea can include a more fresh-
water component of East Siberian Sea
water and coastal runoff (Miinchow et al.,
1999; Khim et al., 2003), which we call
Russian Coast (RC) water to follow the
nomenclature of Bluhm et al. (2009).

Macrofaunal Communities

Macroinfauna were sampled at 114 sta-
tions during RUSALCA cruises in 2004,
2009, and 2012 in both Russian and US
waters (Figure 1). Three to four repli-
cate macrofaunal samples were collected
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using 0.1 m? van Veen or Okean grabs,
with sediment sieved over 1 mm screens
and the remaining macrofauna preserved
in 10% buffered seawater formalin. Nine
time-series stations were sampled in the
southern Chukchi Sea over the three
RUSALCA cruise years. Macroinfauna
were later identified to family and/or spe-
cies (or to the lowest taxon possible),
with all taxa subsequently counted and
weighed. Data were analyzed for abun-
dance and biomass, although here we
focus on biomass. Data for all collec-
tions (Russian and American) were con-
verted to dry weight carbon values based
on previously verified correction factors
(Stoker, 1978; Grebmeier et al., 1989) in
order to reduce the bias of calcium car-
bonate on weight values.

Epifaunal Communities

Epibenthic data were collected at most
of the benthic stations occupied during
the three RUSALCA cruises (Figure 1,
Table 1). Of these multiyear collections,
eight time-series stations were sampled
in the southern Chukchi Sea each year.
Quantitative sampling for epibenthic
fauna in each of the three years followed
methods outlined in Bluhm et al. (2009).
Briefly, a plumb-staft beam trawl (2.26 m
opening and a 7 mm mesh net with a
4 mm cod end liner) was used. Tow dura-
tion ranged from 1.5 to 5 min at speeds
of ~1 to 1.5 knots for a trawled area
ranging from 135 m” to 823 m” Large
catches were quantitatively subsampled
from a well-mixed haul. Epifauna sam-
ples from trawl hauls were rinsed, sorted

to lowest practical taxonomic level,
and counted and weighed (wet weight)
onboard using spring or digital hanging
scales; field identifications were later con-
firmed or corrected in the home lab (for
details see Bluhm et al., 2009). For colo-
nial organisms (e.g., bryozoans, hydro-
zoans), only wet weights were recorded.
Area trawled was used to estimate abun-
dance and biomass as catch per unit effort
(CPUE), which were then normalized to
1,000 m2. Given the semi-quantitative
nature of trawl surveys, these data should
be considered gross estimates (Bluhm
etal., 2009; Eleftheriou and Moore, 2013).
Taxonomic names used for macro- and
epifauna follow the currently accepted
names in the World Register of Marine
Species (http://www.marinespecies.org).

TABLE 1. Summary of station parameters for each of the time-series stations during RUSALCA cruises in 2004, 2009, and 2012.

Cruise Data

Cruise Station Station ‘ T!me Date ‘ Latitude | Longitude | Depth

Number Name Series ID (yr-mo-d) (°N) (‘W) (m) (°C)
RUSALCAO4 7 KHR-11 Cs4 2004-08-11 66.937 170.997 40 1.69
RUSALCAO4 9 KHR-13 Cs8 2004-08-12 67.432 169.620 49 247
RUSALCA04 1 KHR-15 Cs12 2004-08-12 67.868 168.328 55 2.77
RUSALCA04 13 KHR-17 Cs17 2004-08-13 68.297 167.051 39 7.00
RUSALCA04 14 KHR-18 CL1 2004-08-13 68.950 166.912 48 7.95
RUSALCA04 16 KHR-20 CL3 2004-08-13 69.006 168.895 54 3.69
RUSALCA04 19 KHR-23 CL6 2004-08-15 68.524 171.214 56 2.21
RUSALCA04 21 KHR-25 CL8 2004-08-15 67.870 172.551 49 1.70
RUSALCA04 23 KHR-27 CL10 2004-08-16 67.397 173.653 31 -1.52
RUSALCA09 7 Cs4 CS4 2009-09-26 66.934 170.986 42 3.95
RUSALCA09 1" Cs8 Cs8 2009-09-27 67.431 169.610 50 1.83
RUSALCA09 15 CS12 CS12 2009-09-27 67.874 168.314 56 1.91
RUSALCA09 20 cs17 Cs17 2009-09-28 68.298 167.044 39 3.75
RUSALCA09 23 CL1 CL1 2009-09-24 68.949 166.916 46 3.23
RUSALCA09 25 CL3 CL3 2009-09-25 69.005 168.896 53 231
RUSALCA09 28 CLe CL6 2009-09-25 68.518 171.462 54 177
RUSALCA09 30 CL8 CL8 2009-09-26 67.867 172.553 48 -0.09
RUSALCA09 32 CL10 CL10 2009-09-27 67.630 169.020 40 2.19
RUSALCA12 1 Cs4 Cs4 2012-09-29 66.933 170.985 44 1.40
RUSALCA12 6 cs17 cs17 2012-09-01 68.298 167.042 40 6.73
RUSALCA12 8 CcL1 CL1 2012-09-02 68.948 166.918 47 3.19
RUSALCA12 10 CL3 CL3 2012-09-02 69.003 168.894 54 2.01
RUSALCA12 14 CL6 CL6 2012-09-02 68.519 171.462 55 1.28
RUSALCA12 45 CL8-1 CL8 2012-09-13 67.869 172.548 49 1.11
RUSALCA12 51 CS8R S8 2012-09-14 67.431 169.603 52 -0.81
RUSALCA12 54 CS12R cs12 2012-09-01 67.874 168.314 58 0.99
RUSALCA12 48 CL10 CcL10 2012-09-14 67.409 173.576 34 1.21

Chlorophyll
Sainiey | Q%S5 | BW | negrated cha
33.17 6.20 0.47 1.04
3293 5.15 0.30 3.86
32.58 6.11 0.52 6.89
31.00 5.13 0.58 1.28
31.30 5.00 0.34 1.13
32.27 7.21 0.11 254
3291 5.25 0.59 3.91
33.05 5.17 0.79 2.29
32.87 548 0.30 0.99
3137 6.87 1.18 1.04
32.68 3.72 1.39 525
32.79 3.34 1.84 6.89
31.88 5.50 1.06 1.28
32.03 6.26 0.42 1.13
32.19 5.03 0.35 254
32.84 3.14 1.95 391
33.00 3.15 1.14 287
28.67 737 1.92 3.80
3240 6.30 0.10 0.52
30.51 6.89 0.03 1.12
32.19 7.21 0.02 1.10
32,57 7.32 0.02 1.17
32.92 5.44 0.02 5.00
3293 4.25 0.42 9.23
33.28 3.81 0.08 227
32.58 3.88 0.01 220
32.36 6.03 0.01 1.02
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Sediment Characteristics

The upper layer of sediment (top 0-1 cm)
was collected from one van Veen grab
(via a door opened prior to the grab being
emptied), bagged, frozen, and analyzed
for grain size and organic carbon content
at the Chesapeake Biological Laboratory
using standard procedures (Cooper et al.,
2002, and 2015, in this issue). Surface sed-
iment organic carbon and nitrogen ratios
were determined on acidified aliquots of
dried sediment using an elemental ana-
lyzer. Sediment chlorophyll a (sed chl a)
samples were collected by syringe sub-
cores from the same grab, extruded into
pre-weighed plastic tubes, and processed
shipboard. Briefly, the sediment samples
were stored for 12 hr in 90% acetone at
4°C in the dark. Chl a concentrations
were subsequently determined fluoro-
metrically on a Turner Designs 10-AU
fluorometer. The mean of two chl a con-
centration measurements for each station
were converted to chl a per m? of surface
sediment. SCOC experiments were run
on duplicate 133 cm? subcores to measure
sediment oxygen uptake over a 12-24 hr
period. Further details on the analyses
are provided in Cooper et al. (2002, 2012,
2015, in this issue).

Water Column Data

Water column temperature and salin-
ity were obtained from the RUSALCA
hydrographic sampling system; data are
available at the WHOI RUSALCA web-
site mentioned previously. Water sam-
ples were collected at standard depths via
bottles on the conductivity-temperature-
depth (CTD) rosette for chl a. Chl a
was extracted and either processed on
board or frozen for post-cruise process-
ing using Turner Designs 10-AU fluoro-
meters (Terry Whitledge, University of
Alaska Fairbanks, pers. comm., 2015; Lee
et al., 2013). Time-series stations were
assigned to water masses based on aver-
age bottom water salinity using the defi-
nitions of Grebmeier et al. (1988), which
are based on Coachman (1987). Stations
with bottom water salinity <31.8 were
assigned to ACW, stations with bottom
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water salinity between 31.8 and 32.5 were
assigned to BSW, and stations with bot-
tom water salinity values >32.5 were
assigned to AW. The RC designation
was given to the westernmost station,
which included local freshwater runoft
as well as Siberian Coastal Water (SCW;
Minchow et al., 1999).

Data Analysis of Biotic and
Abiotic Parameters

Benthic
communities and various environmen-

macrofaunal and epifaunal
tal variables were analyzed for the three
RUSALCA cruises using the PRIMER sta-
tistical package (v.6, Clarke and Gorley,
2006) as well as the JMP statistical soft-
ware (SAS, Cary, North Carolina). GIS
kriging was utilized to predict macro-
benthic biomass
ArcGIS 10.1.

macrofauna and epifaunal biomass were

distribution  using
Temporal patterns in

mapped using bin size breaks according
to Jenks’s natural breaks.

Time-series macrofaunal and epiben-
thic community structures were ana-
lyzed for 2004, 2009, and 2012. A Bray-
Curtis similarity matrix was created using
fourth-root transformed biomass data to
reduce the influence of dominant taxa on
the analyses. A hierarchical cluster anal-
ysis was used to group stations by simi-
larity (group average) based on the sim-
ilarity matrix, and a SIMPROF test
was run to test the significance of clus-
ters (a = 0.05). Nonmetric multidimen-
sional scaling (nMDS) plots were then
used at the designated similarity level
(45%) for macrofauna and epifauna to
visualize community similarity. A simi-
larity of percentages (SIMPER) routine
was run to identify the taxa contribut-
ing the most (=50-70%) to similarities
within station clusters. Analysis of sim-
ilarity (ANOSIM) was used to test sim-
ilarity of community structure among
years. Environmental variables were
normalized to a common measurement
scale and then correlated with the bio-
logical matrix based on biomass (fourth-
root transformed) for each year using the
BIO-ENV suite within PRIMER.

Temporal comparisons of benthic
communities were conducted using data
from the three years of repeat stations
in 2004, 2009, and 2012 occupied in the
southern Chukchi Sea on the CS and CL
lines (macrofauna: n = 9, and epibenthos:
n = 8). Because certain macrofauna and
epibenthic taxa were identified to differ-
ent taxonomic levels in different years, all
species lists were collapsed to the lowest
common taxonomic level found across
all study years, separately for macro- and
epifauna. The environmental variables
available for all three study years included
latitude, longitude, depth, bottom water
salinity, temperature, dissolved oxygen,
chl a content, integrated chl a content
over the whole water column, variable
sediment substrate size (phi), modal size
(phi), TOC and TON content, C/N ratio,
and surface sediment chl a concentra-
tions. Sediment substrate was determined
as a percent composition of the compos-
ite total of very coarse sand and gravel
(<0 phi), coarse sand (1 phi), medium
sand (2 phi), fine sand (3 phi), very fine
sand (4 phi), 1-4 phi combined as the
sand component, and silt/clay (=5 phi),
along with modal size (largest percent of
grain size). SCOC data were only avail-
able for a limited number of stations, so
these values were only used in a correla-
tion analysis with gC biomass.

RESULTS AND DISCUSSION
Benthic Macroinfauna and Carbon
Export Studies

Highest macrofaunal benthic biomass
for all the RUSALCA cruises combined
was observed at the head of Herald
Valley and the southeast Chukchi Sea in
the known hotspot of tellinid bivalves
(Macoma calcarea and M. moesta), which
extends across the US-Russian bound-
ary (Table 2, Figure 2; Grebmeier, 1992,
1993, 2006a, 2015; Sirenko and Koltun,
1992; Feder et al., 2007; S. Denisenko
etal., 2015, in this issue). At this location,
biomass ranges from 30 to ~120 gC m™>
(Figure 3a-c). This high biomass results
from seasonally high productivity and
subsequent carbon load in the Anadyr



TABLE 2. Summary of time-series macrofauna and epifauna station parameters for each of the RUSALCA cruises in 2004, 2009, and 2012.
Average values are provided for parameters for each cruise.

Cruise Data Macrofaunal Epifaunal
Cruise Number | StationName | Tmegeries | ATIIEEe | TOTS) | @omB | (1000kgm? | (g ww1000m?)
RUSALCA04 7 KHR-11 Cs4 7,568 1,339.69 59.36 15,437 16,644
RUSALCA04 9 KHR-13 Cs8 14,058 3,005.09 116.96 9,712 30,478
RUSALCA04 1 KHR-15 cs12 6,505 1,008.01 43.59 nd nd
RUSALCA04 13 KHR-17 cs17 3,303 254.26 9.79 1,828 17,027
RUSALCA04 14 KHR-18 CL1 903 2267 1.44 6,133 60,249
RUSALCA04 16 KHR-20 CL3 2,765 94.18 5.90 16,594 64,475
RUSALCA04 19 KHR-23 CL6 3,283 543.29 24.46 11,605 7,821
RUSALCA04 21 KHR-25 CL8 3,095 826.03 35.69 10,848 9,693
RUSALCA04 23 KHR-27 cL10 4,845 101.73 5.79 2,858 1,628
RUSALCA04 Average 5,147 799.44 33.66 8,511 26,002
RUSALCA09 7 Cs4 Cs4 2,015 434.74 20.47 8,709 47,544
RUSALCA09 1" Cs8 Cs8 3,200 2,765.35 99.71 8,663 95,043
RUSALCA09 15 Cs12 cs12 3,200 756.91 33.73 nd nd
RUSALCA09 20 cs17 cs17 4,728 671.03 19.09 2,110 46,565
RUSALCA09 23 CL1 CL1 1,048 14.41 0.77 4,824 28,794
RUSALCA09 25 CL3 CL3 770 15.32 0.93 782 24,966
RUSALCA09 28 CL6 CL6 880 406.04 16.15 9,870 117,004
RUSALCA09 30 CL8 CcLs 2,228 1,151.24 42.53 33,295 96,470
RUSALCA09 32 cL10 cL10 1,463 53.83 2.30 5,765 13,349
RUSALCAO09 Average 2,170 696.54 26.19 9,252 58,717
RUSALCA12 1 Cs4 Cs4 8,298 490.96 23.07 6,180 24,636
RUSALCA12 6 cs17 cs17 4,840 247.90 8.23 2,715 10,915
RUSALCA12 8 CL1 CL1 2,733 20.34 0.92 1,475 5,593
RUSALCA12 10 CL3 CL3 2,420 84.41 4.00 1,664 13,729
RUSALCA12 14 CL6 CL6 5,265 610.51 22.32 13,314 11,419
RUSALCA12 45 CL8-1 CL8 3,638 1,116.93 44.56 20,104 27,256
RUSALCA12 51 CS8R Cs8 12,225 2,082.12 77.12 29,230 48,312
RUSALCA12 54 CS12R Cs12 8,818 452.09 19.39 3,6715 103,876
RUSALCA12 48 CcL10 cL1o 555 58.88 244 14,796 11,875
RUSALCA12 Average 5,421 573.79 22.45 14,021 28,623
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FIGURE 2. Distribution of macro-
faunal station biomass (gC m=2) for all
RUSALCA cruises—2004, 2009, and
2012—by US and Russian scientists,
with dominant faunal taxa type color-
coded on the map.
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Water as it flows north through Bering
Strait (Walsh et al., 1989), with tight
pelagic-benthic coupling between the
upper water column primary produc-
tion zone and underlying benthos as cur-
rents begin to slow down and deposition
occurs (Grebmeier et al., 1988, 2006a,
2015, and references therein; Cooper et
al., 2015, in this issue). Lowest macro-
faunal biomass (0.1-10 gC m~2) occurred
in the central and northwest areas of
the Chukchi Sea, excluding stations at
the mouth of Herald Canyon (Figure 2).
Patches of higher benthic biomass within
Herald Canyon, northwest of Wrangel
Island, and in the East Siberian Sea, are
evaluated in S. Denisenko et al. (2015, in
this issue) and will not be discussed in
this paper. Bivalves and polychaetes dom-
inate macrofaunal biomass at most of the
southern and western Chukchi Sea sites
sampled during all the three RUSALCA
cruise periods combined (Figure 2).

The advection of phytodetritus from
upstream production passing through

Bering Strait and in situ production in

the southern Chukchi Sea annually pro-
vide the high food supply that supports
the persistence of this benthic hotspot
in the southern Chukchi
series area (Grebmeier et al, 2015).
SCOC and surface sediment chl g, both
indicators of carbon export to the sed-
iments (Grebmeier, 2012), were high-
est within AW in the Southeast Chukchi
Sea and in portions of the East Siberian
Sea and Long Strait (Table 3), indicat-
ing efficient organic carbon export to

Sea time-

the benthos. The areas of highest carbon
export to the benthos (SCOC, integrated
and sediment chl a) match the areas of
greatest macrofaunal biomass that are
important foraging areas for walrus, gray
whales, and bearded seals (Grebmeier
et al., 2015). Nonparametric statistical
evaluation indicates significant relation-

ships between macrofaunal biomass and
water mass type (defined by BW salinity,
rho = 0.725, p <0.0001), sediment grain
size (2 phi, rho = -0.471, p <0.01), food
supply (SCOC,rho=0.733, and integrated
chl a, rho = 0.456, both p <0.02), and food

quality (sediment C/N, rho = -0.544,
p = 0.003), supporting previous findings
by Grebmeier et al. (2006a).

The similarity cluster analysis and
nMDS analyses of station macrofaunal
composition and biomass, as well as indi-
vidual cruise results for each period of
time (2004, 2009, and 2012; not shown)
and the time series analysis (Figure 4a,b),
indicate four major macrofaunal com-
munities: the core AW group, the transi-
tional ACW/BSW group, the ACW group
off Alaska, and the western Russian Coast
station (Table 4). The ANOSIM results
indicate that there are distinct groupings
with repeat macrofaunal time series sta-
tions (Global R = 0.8, p = 0.001), with lit-
tle influence relating to the year sampled
(Global R = 0.1, p = 0.08). This finding
suggests strong community composition
overlap for the AW stations and within
each of the other groups (Figure 4a,b)
and relatively consistent macrofaunal
community composition geographically
across the sampling years, despite vari-
ability in absolute biomass. The hotspot
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FIGURE 3. Benthic biomass for RUSALCA 2004, 2009, and 2012 (US collections only) for (a—c) macrofauna (gC m=2) and (d—f) epifauna
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TABLE 3. Summary of surface sediment parameters for each of the time series stations during RUSALCA cruises in 2004, 2009, and 2012. TOC = Total
organic carbon. TON = Total organic nitrogen. Sed chl a = Sediment chlorophyll a.

Sediment Grain Size (%) Surface Sediment Sediment
Community
Cruise Series <0 phi i i i i | 1-4 phi | 25 phi Si'r:?alii) WelE (vft;\’:lt) (S:]d :::_Iza) Oxygen Uptake
Stations P 9 (mM m=2d)
RUSALCA04 (&) 0.00 0.10 0.10 9.07 41.04 50.31 49.69 5 0.67 0.14 491 21.82
RUSALCA04 Cs8 1.77 0.68 0.16 047 17.61 20.68 79.32 5 1.22 0.25 4.82 0.15
RUSALCA04 CS12 0.00 0.08 0.08 0.23 0.91 1.28 98.72 5 1.77 0.36 4.98 0.37
RUSALCA04 Ccs17 58.44 9.32 4.63 6.44 6.98 85.80 14.20 0 0.44 0.07 6.25 0.11
RUSALCA04 CL1 1.31 0.15 0.20 2.01 17.70 2137 78.63 5 0.89 0.12 7.66 0.13
RUSALCA04 CL3 0.00 0.05 0.05 0.21 2.02 233 97.67 5 1.01 0.19 523 0.14
RUSALCA04 CL6 0.06 0.17 0.1 0.28 1.14 1.77 98.23 5 1.61 0.35 4.65 0.19
RUSALCA04 CL8 0.56 0.05 0.05 0.51 1.38 2.55 97.45 5 1.59 0.32 5.03 0.17
RUSALCA04 CcL10 94.87 0.38 0.10 0.10 0.05 95.49 4.51 0 0.22 0.05 4.52 0.13
RUSALCA09 (&) 0.05 0.05 0.19 11.47 5233 64.04 35.91 4 0.46 0.07 6.57 14.90
RUSALCA09 Cs8 0.00 0.05 0.05 0.69 27.69 2847 71.53 5 1.13 0.18 6.28 11.56 19.93
RUSALCA09 Cs12 0.00 0.00 0.05 0.05 1.64 1.73 98.27 5 1.92 0.29 6.62 21.98 11.16
RUSALCA09 cs17 47.84 8.85 5.96 6.11 10.72 31.63 20.53 0 0.63 0.08 7.88 18.12
RUSALCA09 CL1 1.68 0.10 0.21 1.41 18.48 20.21 78.12 5 1.26 0.13 9.69 9.16 526
RUSALCA09 CL3 0.10 0.10 0.15 1.58 10.14 11.97 87.93 5 1.39 0.19 7.32 15.13 6.46
RUSALCA09 CL6 0.00 0.00 0.05 0.10 0.83 0.99 99.01 5 2.01 0.30 6.70 17.01 11.07
RUSALCA09 CL8 0.00 0.05 0.05 0.10 1.64 1.84 98.16 5 245 0.38 6.45 16.88 11.18
RUSALCA09 CL10 91.76 5.13 1.26 0.85 0.30 7.54 0.70 0 0.15 0.03 5.00 4.24
RUSALCA12 Cs4 0.00 0.05 0.14 11.37 54.94 66.51 3349 4 0.52 0.09 578 18.31
RUSALCA12 cs17 20.72 4.46 4.46 10.78 19.09 38.80 40.48 5 0.64 0.08 8.00 1.12
RUSALCA12 CcL1 0.00 0.04 0.08 1.15 18.01 19.28 80.72 5 1.09 0.13 8.38 12.89
RUSALCA12 CL3 0 0.05 0.05 0.62 5.69 6.41 93.59 5 1.22 0.17 7.18 13.28
RUSALCA12 CL6 0.00 0.00 0.00 0.05 1.10 1.16 98.84 5 1.76 0.27 6.52 18.70 15.20
RUSALCA12 CL8 0.00 0.00 0.05 0.05 0.15 0.25 99.75 5 220 0.36 6.11 12.40 20.23
RUSALCA12 cs8 0.00 0.00 0.05 0.47 24.57 25.08 74.92 5 1.13 0.18 6.28 18.44 39.54
RUSALCA12 CS12 0.00 0.00 0.00 0.14 2.16 231 97.69 5 1.45 0.23 6.30 21.62 26.83
RUSALCA12 CL10 50.98 14.85 4.50 4.22 0.75 2432 24.70 0 0.92 0.14 6.57 6.45
Transform: Fourth root
b Resemblance: $17 Bray Curtis similarity
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a Resemblance: S17 Bray Curtis similarity Water Mass A ;2\ h
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FIGURE 4. Time-series grouping of macrofaunal stations by (a) clustering of stations by macrofaunal composition, by carbon biomass (transformed
fourth root), using Bray-Curtis similarity, and (b) nonmetric multidimensional scaling (hnMDS), with both analyses using a 45% similarity cutoff. In (a) the
transition from red dotted lines to solid black lines indicates the level of similarity grouping where there was a significant similarity between stations
(a=0.05). The clustered stations were subsequently identified within specific water masses, based on bottom salinity values as defined by Grebmeier
et al. (1988), which are based upon Coachman (1987) and also used by Bluhm et al. (2009): RC = Russian coast as influenced by East Siberian Sea Water.
AW = Anadyr Water (>32.5). BSW = Bering Sea Water (31.8-32.5). ACW = Alaska Coastal Water (<31.8).
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site (station CS8) had the highest macro-
faunal bivalve biomass over the full study
period (2004-2012, Figure 3a-c, Table 4).
In fact, bivalves dominated all time-series
stations located within AW (CS4, CS8,
CS12, CL6 and CL8), followed by poly-
chaetes and amphipods (Table 4). By com-
parison, the lowest total station biomass
values on the time-series lines occurred
in the ACW/BSW water masses as well as
along the Russian coast (Figures 2, 3a-c),
with variable taxon dominance (Table 4).
Note that although the AW group had the
highest similarity of faunal composition

between groups, there was high variabil-
ity for the interface stations between water
masses (Figure 4a,b): station CL3 was
assigned to BSW in 2004 and 2009, but
to AW in 2012. Similarly, CL1 off Alaska
was assigned to ACW in 2004, but to
BSW in 2009 and 2012, and CS4 near the
Russian coast was assigned to AW (2004),
RC (2009), and BSW (2012). This vari-
ability was likely due to seasonal changes
in transport conditions through Bering
Strait and to wind events (see Pisareva
et al., 2015, in this issue).

Macrofaunal biomass at the nine

time-series RUSALCA sites indicated
spatial variability within different water
masses (Figure 5). When evaluating the
key environmental factors related to the
macrofaunal cluster group compositions,
we found that water mass type, sediment
grain size composition, and food qual-
ity (C/N values) together were the most
statistically relevant factors (Spearman’s
rho =0.681, p=0.05). The offshore regions
of the southern Chukchi Sea had the larg-
est combined cluster group at the 45%
similarity level within AW and included
stations CS4, CS8, CS12, and CL6 and

TABLE 4. Composition of dominant macrofauna as determined by the Similarity of Percentages (SIMPER) analysis within clustered groups defined at the
~50-70% similarity level of the Bray-Curtis similarity results (shown in Figure 4) for the RUSALCA time-series stations occupied in 2004, 2009, and 2012.
A = Ascidiacea. Amp = Amphipoda. B = Bivalvia. C = Crustacea. P = Polychaeta. S = Sipuncula. Other taxa identified to single taxon level.

Cluster
Similarity
Index

Stations

WATER MASS ID: Anadyr Water
CS4-4, CS8-4, CL6-4, CL8-4 69
CS12-4, CS12-9 64

CS4-9 Single station
CL6-9, CL6-12 v
CL8-9, CL8-12 69

CS4-12, CS8-12 69

CS12-12
WATER MASS ID: Alaska Coastal Water

Single station

CS17-4 (KHR-17) Single station

CS17-9, Cs17-12 75

Nuculidae (B)

Mogulidae (A), Lumbrinereidae (P), Sabellaridae (P)

WATER MASS ID: Alaska Coastal Water/Bering Sea Water

CL1-4, CL3-4, CL1-9, CL3-9,

Dominant Macrofauna Taxa (50-70% combined) with Each Cluster Group

Nuculidae (B), Yoldiidae (B), Tellinidae (B), Nemertea, Anthozoa, Lumbrineridae (P), Scalibregmidae (P)
Tellinidae (B), Nuculidae (B), Nephtyidae (P), Capitellidae (P)
Tellinidae (B)

Tellinidae (B), Yoldiidae (B), Nuculidae (B), Nephtyidae (P), Terebellidae (P)
Tellindae (B), Nuculidae (B), Veneridae (B), Anthozoa, Lumbrineridae (P)

Tellindae B), Yoldiidae (B), Isaeidae (Amp), Nephtyidae (P), Haustoriidae (Amp), Nuculidae (B), Flabelligeridae (P),
Anthozoa, Veneridae (B), Polynoidae (P), Pectinariidae (P)

Pyurdiae (A), Rhodosomatidae (A), Nephtyidae (P), Molgulidae (A), Cardiidae (B), Maldanidae (P), Lumbrinereidae (P),
Phascolionidae (P), Sabellidae (P), Oweniidae (P), Ascidiacea (A), Nemertea, Brachipoda, Syllidae (P), Golfingiidae (S)

CLM2, CL3-12 52 Nephtyidae (P), Sternaspidae (P), Nuculidae (B), Nuculanidae (B), Cirratulidae (P), Capitellidae (P)
WATER MASS ID: Russian Coast
CL10-4, CL10-9, CL10-12 56 Veneridae (B), Tellinidae (B), Nemertea, Lysianassidae (C), Ophelidae (P), Styelidae (A), Nephtyidae (P), Ampharetidae (P)
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CL8 (Figure 4a,b, Table 4). The macro-
faunal taxa composition was dominated
by tellinid, nuculid, nuculanid, veneriid,
and yoldiid bivalves, and secondarily by
nephtyid polychaetes (Figure 5, Table 4).
The ACW/BSW stations (CL1 and CL3)
were dominated by nephtyid and ster-
naspid polychaetes, nuculid and nucu-
lanid bivalves, and multiple other fam-
ilies of polychaetes. The station within
the ACW (CS17) was dominated by mol-
gulid and pyurid ascidians and nephtyid,
sabellarid, and maldanid polychaetes.
Finally, the Russian coast station (CL10)
was characterized by venerid and tellinid
bivalves, nemerteans, lysianassid amphi-
pods, and various polychaetes.

Stations CL1 and CL3 clustered at the
45% similarity level, although at variable
levels in individual years (Figure 4a,b,
Table 4). Notably in 2004, CL1 occurred
within an ACW bottom water signature,
with CL3 occurring within BSW, whereas
in 2009 both fell within BSW.In 2012, CL1
was located within BSW and CL3 just at
the interface of BSW and AW (S = 32.57).
This variation in bottom water salinity
between the years from ACW to BSW
at these stations near the Alaskan coast
demonstrates the seasonal and dynamic
variability of the frontal zones separating
the water masses in the southern Chukchi
Sea, which are influenced by variable
flow through Bering Strait and by wind
direction (see Woodgate et al., 2015, and

Pisareva et al., 2015, both in this issue, for
further discussions). The high variability
in faunal types at these interface stations
likely relates to the variable current veloc-
ities that cause dynamic changes in water
mass boundaries, and seasonal shifts in
organic carbon supplies, to the benthos
(Grebmeier et al., 1989; Pisareva et al,,
2015, in this issue).

By comparison to the variable transi-
tion zone between ACW and BSW, the
core high biomass stations consistently
grouped together within AW (CS4, CS8,
CS12, CL6, and CL8), both for indi-
vidual years (not shown) and across
years (Figure 4a,b; Table 4). On aver-
age, the data show an overall decline in
station biomass from 2004 to 2012 at
the time-series sites (Table 2, Figure 5).
There is a significant decline in macro-
fauna biomass from 2004 to 2012 at two
stations in the hotspot macrobenthic
biomass within AW: CS8 (ANOVA:
t = 8.49, p = 0.01), and CS12 (t = 4.59,
p = 0.04). There was a slight, nonsignifi-
cant increase over time in biomass at sta-
tion CL8 and variable biomass at the other
stations in the region. Notably, bivalves
dominated all of these stations (Table 4).
This hotspot region of high infaunal bio-
mass suggests export of an annual sup-
ply of organic carbon to the benthos
and reflects the seasonal persistence of
high primary production in the south-
ern Chukchi Sea (Grebmeier et al., 1988,

2015) that escapes zooplankton grazing,
resulting in high pelagic-benthic cou-
pling that supports benthic production
(Grebmeier et al., 2006a). However, the
decline in benthic biomass at the core
of the biological hotspot during the last
decade determined by this study may
provide a first indication of an ecosystem
response to ongoing changes in this area.
Lee et al. (2013) suggested a decrease in
annual primary production for this area,
and changes in hydrographic parameters
over the last decade have been recorded
in the region with variable transport
(Woodgate et al., 2015, in this issue).
Thus, our findings suggest the possibility
of a system-level change in this region.
Note that the international community
has developed the DBO program to con-
tinue to evaluate the status of and change
in this region (see Box 1).

Epifauna

Epifaunal trawl collections indicate spa-
tially variable levels of station biomass
during all three RUSALCA sampling
years (Figure 3d-f, Table 2). Interestingly,
areas of highest macrofaunal biomass had
the lowest epifaunal biomass, at least in
2004. Four epifaunal community groups
were identified by similarity cluster anal-
ysis and nMDS (Figure 6a,b, respec-
tively), and had similar spatial separation
as observed for the macrofaunal commu-
nities (Figure 4a,b). As with macrofauna,
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FIGURE 6. Time-series grouping of epifaunal stations by (a) clustering of stations by epifaunal composition, by biomass (transformed fourth root), using
Bray-Curtis similarity, and (b) nMDS, with both analyses using a 45% similarity cutoff. See the Figure 4 caption for a description of water mass types.
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epifauna generally grouped by geograph-
ical proximity rather than by sampling
years (Figure 6a,b). Station CS17 near the
Alaskan coast located within ACW was
unique in all years and separate from the
other groups. The Russian coastal station
CL10 was also unique, with epifaunal
communities grouping together for two
of the three sampling years. Stations CL1
and CL3 clustered in all sampling years.
The other repeat stations fell into two
temporal clusters, and most of these sta-
tions also formed spatial clusters during
individual sampling years (not shown).
The ANOSIM results indicate that there
are distinct groupings with repeat sta-
tions (global R = 0.8, p = 0.001) with little
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influence relating to the year sampled
(low global R = 0.1, p = 0.06). This find-
ing suggests strong community overlap
for the AW groupings (Figure 6a,b) and
relatively consistent epibenthic commu-
nity composition geographically across
the sampling years, despite high temporal
variability in absolute biomass.

Epifaunal biomass at the eight time
series stations on the CS and CL lines
indicate biomass peaks for the cen-
tral regions of both the CL and CS lines
(CL8 and CL6 in 2009 and consistently
for CS8, respectively), occurring entirely
in Anadyr Water and with arthropods as
the dominant fauna (Table 5, Figure 7).
Individual species can drive trends in

epifaunal biomass as indicated by fluc-
tuations of snow crabs (the majority of
Arthropoda biomass). There was also
high wvariability (and, actually, tempo-
rally declining biomass) for the inter-
face stations between water masses,
specifically stations CL1 and CL3 off
Alaska, and CS4 near the Russian coast,
similar to the findings for the macro-
above
(Table 4). Again, this variability was
likely due to variable annual trans-

faunal communities discussed

port conditions through Bering Strait
and to wind events.

Over the time series, the total epifau-
nal biomass was significantly higher in
2009 than in 2012 (ANOVA, p = 0.02),

Alaska Coastal Alaska FIGURE 7. Epifaunal biomass at eight
Water/Bering Sea | Coastal time-series stations on the CS and CL
B Water Water lines for RUSALCA 2004, 2009, and
| 2012 (g wet weight 1,000 m2) in the
i ® Echinodermata southern Chukchi Sea plotted from
E ® Arthropoda west to east (left to right). The indi-
i = Mollusca vidual stations were grouped by sim-
i " C“'fja.“a ilarity clustering (separated by solid
! B Ascidiacea i Ei 6 ith the d
i = Other ines, see Figure 6), with the dot-
ll ted lines separating multiple stations
E within each cluster group. Epifauna
i were not collected in all years at sta-
E tion CS12, so its data are not included
| in this plot.
E [
3 8 3 3 8 3 3 8 3 3 8 4
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TABLE 5. Composition of dominant epifauna within clustered groups defined at the ~50% similarity level of the Bray-Curtis similarity analysis (shown
in Figure 6) for the RUSALCA time-series stations occupied in 2004, 2009, and 2012. An = Anthozoa. B = Bivalvia. C = Crustacea. E = Echinodermata.
G = Gastropoda. Other taxa identified to single taxon level.

Cluster
Similarity
Index

Stations

Cluster Group and
Water Mass ID

Dominant Epifauna Taxa (50-70% Combined) with Each Cluster Group

CS4-4, CS8-4, CS4-9,

CS412, CL10-9* 52 Anadyr Water, Russian Coast

CS17-4, CS17-9, CS17-12 58] Alaska Coastal Water -
Pectinidae (B)

CL1-4, CL3-4, CL1-9, 54 Alaska Coastal Water/

CL3-9, CL1-12, CL3-12 Bering Sea Water

CL6-4, CL8-4, CS8-9, CL6-9,

CL8-9, CS8-12, CL6-12, CL8-12 52 Anadyr Water

CL10-4, CL10-12 52 Russian Coast

*In 2009 the Russian Coast station CL10-9 was included in with the Anadyr Water group.
**Although Opilio crabs are currently listed in the F. Oregonlidae (C), many prior research results identify these crabs to the F. Majidae.
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Oregoniidae** (C), Myriotrochidae (E), Naticidae (G), Buccinidae (G), Actiniaria (An)

Asteriidae (E), Crangonidae (C), Cheiragonidae (C), Oregoniidae (C), Hippolytidae (C),

Oregoniidae (C), Buccinidae (G), Crangonidae (C), Asteriidae (E)

Naticidae (G), Oregoniidae (C), Cardiidae (B), Actiniaria (An)

Oregoniidae (C), Uristidae (C), Crangonidae (C), Amphipoda (C)



but the same for 2009 and 2004 (ANOVA,
p = 0.06; Table 2). The low biomass in
2012 was reflected in reduced biomass in
all major phyla (Figure 7). Echinoderm
biomass decreased from 2004 to 2012,
mostly because of declines in the brittle
star Ophiura sarsii and the sea cucumber
Myriotrochus rinkii. Arthropod and mol-
lusk biomass both peaked in 2009 due to
high biomasses of the snow crab C. opilio
and the moon snail Cryptonatica affinis,
respectively (Serratos, 2015). It is nota-
ble that the biomasses of both the mobile
epifauna and the immobile macrofauna
have declined in the southern Chukchi
Sea. These declines took place after 2009
for the mobile epifauna and even earlier
for the immobile macrofauna, coincident
with the changing hydrographic condi-
tions in the region and seasonal declines
in primary productivity. Alternatively,
the epifaunal decline could just be vari-
ability in C. opilio stock size. Regardless,
such declines in multiple biological com-
ponents (macro- and epifauna) may be
a bellweather of system change asso-
ciated with reduced sea ice duration,
variability of current flow, and chang-
ing phenology of seasonal production
events, suggesting the continued need to
track status and trends in this southern
Chukchi Sea system.

Across all years, substrate category
was the most consistent driver of benthic
community structure in the multivariate
analysis for epifaunal community struc-
ture, similar to findings for the macro-
fauna. Consistent spatial patterns in
epibenthic and macrofaunal community
structure were observed in 2004, 2009,
and 2012, reflecting the influence of bio-
geography and environmental forcing.
We found that spatial patterns in benthic
community composition, by biomass, in
the southern Chukchi Sea differed among
water masses. Although variable levels of
epifaunal biomass and composition were
observed among the three sampling years
for the epibenthos, we observed a signifi-
cant decline in benthic macrofaunal bio-
mass at central stations within the core
flow of Anadyr Water.

It should be noted that both the mac-
rofaunal and epibenthic communities
in the southern Chukchi Sea represent
a transition zone between Pacific and
Arctic Ocean waters. This area is char-
acterized by Pacific-boreal communities,
with a gradual poleward increase in the
occurrence of Arctic fauna (Petryashov
etal., 2013; N. Denisenko and Grebmeier,
2015, in this issue). The southern CS
line exhibits a larger portion of Pacific-
boreal species compared to the north-
ern CL line (e.g., Golikov, 1989). Central
Chukchi Sea epibenthic communities
located on the time-series lines (stations
CL3, CL6, CL8, CS12, CS8; Figure 6)
differed in all years from communities
found along the Alaskan (CL1, CS17) and
the Russian (CL10, CS4) coasts, and they
were characterized by a large biomass of
predators-scavengers, especially the snow
crab C. opilio (F. Oregoniidae; often also
listed as E Majidae) and the predatory
gastropod C. affinis (F. Naticidae; Table 5).
C. opilio is in general a major contrib-
utor to epibenthic biomass from the
northern Bering and southern Chukchi
Seas (Grebmeier et al, 2006a; Bluhm
et al., 2009; present study), the central to
the northeastern Chukchi shelf (Bluhm
et al, 2009; Blanchard et al, 2013b;
Ravelo et al., 2014), and into the western
Beaufort Sea (Rand and Logerwell, 2011;
Ravelo et al. 2015).

High prey densities are needed to sup-
port high densities of predatory snow
crab (Kolts et al., 2013), and the pro-
nounced aggregation of snow crab in
the southern Chukchi Sea may thus be
related to a macrobenthic hotspot (sensu
Grebmeier et al., 2015) of macrofaunal
prey on the central shelf. Kolts et al.
(2013) found the infaunal bivalves com-
mon at the hotspot location to be among
the dominant prey items for snow crab.
This is borne out by the results of the
present study in which measures of food
availability (i.e., macrofaunal biomass,
sediment, and water column chlorophyll)
were determined to be important driv-
ers of epibenthic community composi-
tion, with sediment and water column

chlorophyll also important drivers for
macrofauna community composition.

As found earlier in the same region
(Feder et al., 2005; Bluhm et al., 2009),
our data also showed high mollusk bio-
mass in the benthic communities of the
south central Chukchi Sea. The preda-
tory moon snail C. affinis was often dom-
inant in the south central part of the
study area that overlaps with the macro-
benthic hotspot region (Grebmeier et al.,
2006a, 2015). The macrobenthic com-
munity contains dense populations of
infaunal bivalves dominated by Macoma
calcerea (Sirenko and Gagaev, 2007;
Grebmeier, 2012), which is an import-
ant food source for the predatory moon
snail C. affinis (Feder et al., 1994). Inshore
epibenthic communities along both east-
ern and western margins of the south-
ern Chukchi Sea sampled during all three
years are influenced by the river runoff
and the coastal currents that shape the
Alaskan and Russian coastal domains
(Carmack et al., 2015). Nearshore com-
munities living on coarse substrate are
normally dominated by a diverse mix of
suspension feeders (Feder et al., 2005).
In the eastern sector along the Alaskan
coast there is variable influx of fresh-
water and terrestrial matter within the
ACW, derived mostly from Yukon River
discharge into the Bering Sea (Walsh
et al, 1989), with hard substrate also
prevalent along the Russian coast in the
western Chukchi Sea.

We found no consistent relationship
between food supply and epibenthic
community composition or biomass on
the southern Chukchi shelf. This finding
is in contrast to the strong link between
food supply and macrofaunal community
structure and biomass determined by
the current study and previous findings
(Grebmeier, 1992; Sirenko and Koltun,
1992; Feder et al., 2005; Grebmeier et al.,
2006a). The lack of a strong pelagic-
benthic coupling within the epibenthic
communities on the southern Chukchi
shelf is probably due to the mobility of the
dominant predatory/scavenging feeding
guild (Bluhm et al., 2009; Serratos, 2015).

Omamzﬂmp/y | September 2015 129



The high mobility of these larger organ-
isms allows them to exploit multiple
food sources by moving among patches
of high organic matter deposition and
different water masses. This motility can
thus be expected to decouple the rela-
tionship between epifaunal communities
and primary production in the overlying
water column, compared with the more
stationary macrofauna that feed on phy-
todetritus that either settles seasonally
from production in the water column
and/or is advected into the southern
Chukchi Sea from upstream sources in
the northern Bering Sea brought north-
ward in Pacific water transiting Bering
Strait (Grebmeier et al., 2015).

Water Mass Characteristics,
Circulation, and Sediment
Dynamics

Interconnected processes sustain the
persistent high benthic biomass in the
Southeast Chukchi Sea (Grebmeier
et al, 2015). This region north of
Bering Strait receives Pacific water
inflow with entrained organic carbon
(e.g., phytodetritus) components. The
major currents flow northward through
Bering Strait and separate into three
parts: a continuation of the Anadyr
Water to the northwest, the more diffuse
and less saline Bering Sea Water transit-
ing northward, and the northeast flow-
ing Alaska Coastal Water (Figure 1; also
see Woodgate et al., 2015, in this issue).
Generally, currents slow down north of
Bering Strait as the water masses spread
out (Pisareva et al., 2015, in this issue).
Suspended material that settles out from
these waters to the benthos includes
phytodetritus from both in situ produc-
tion and material advected into the sys-
tem as the ice retreats in spring and
early summer. In both the Atlantic and
Pacific gateways to the Arctic, advec-
tion is a critical driver of key water mass
characteristics (temperature and salin-
ity) and food supply (Wassmann, 2015),
and it also impacts current speed and
sediment composition.
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Benthic Community Shifts

Sirenko and Gageav (2007) indicate
some northward species shifts as do
N. Denisenko and Grebmeier (2015, in
this issue), who identify many new spe-
cies records of bryozoans in the Chukchi
Sea. Similar to our findings, the latter
study determined that advective regimes
in the Chukchi Sea drive bryozoan bio-
geography along with increased seasonal
seawater temperatures that have a direct
impact on the habitat and reproductive
potential of bryozoan fauna.

In addition, increasingly large cope-
pod biomass was found in the south-
ern Chukchi Sea biological hotspot from
2004 to 2012 (Ershova et al., 2015). These
increased biomasses have the potential
to consume more phytoplankton than in
the past, which could limit export pro-
duction and thus account at least in part
for the declines in benthic biomass we
found at sites underlying the CS and CL
lines of the current study. In addition,
Lee et al. (2007, 2013) detected a decline
in seasonal primary production in late
summer/fall in the southern Chukchi Sea
over the RUSALCA study time period
that also may indicate a potential bio-
logical response to the ongoing physi-
cal changes occurring in this region. In
spite of our observation of local biomass
declines for macrofauna, and to a lesser
degree for epifauna, in some areas of the
southern Chukchi Sea, the overall benthic
biomass in this region is still very high for
an Arctic continental shelf (Grebmeier
et al., 2015). It is worth noting that this
finding of a decline in benthic macro-
faunal biomass in the Southeast Chukchi
Sea hotspot is similar to observations at
two other hotspots under the productive
Anadyr Water, specifically the declining
biomass at the benthic hotspot south of
St. Lawrence Island (Grebmeier, 2012)
and a spatial contraction of the amphi-
pod footprint in the Chirikov Basin just
south of Bering Strait (author Grebmeier,
unpublished data, see http://www.arctic.
noaa.gov/dbo/dbo2-related-time-series;
Coyle et al,, 2007). Although it has been
assumed that zooplankton cannot crop

the seasonally high annual phytoplank-
ton biomass produced in this region to
the extent required to impose food lim-
itations, the observations of a decline in
benthic standing stock in this Southeast
Chukchi hotspot in combination with
the declines in the two northern Bering
Sea regions may be a “first response”
observation of a changing ecosystem
in this region.

We conclude that there is a need to
evaluate mechanisms of climate change
and their influence on the production/
biomass of benthic fauna. The Figure 8
that
could provide a basis for such evalua-

schematic suggests a scenario
tion through field and modeling efforts.

Specifically, increased transport of
Pacific water through Bering Strait could
enhance the input of Anadyr Water and
its associated nutrients, thus increasing
seasonal primary production, food sup-
ply, macrofaunal growth increments, and
overall production and biomass of ben-
thic fauna. Increased seawater tempera-
tures could also increase growth rates
and result in increased benthic produc-
tion and biomass. However, reduced
transport through Bering Strait would
have a negative impact on food sup-
ply and temperatures that could result
in decreased benthic growth rates, pro-
duction, and biomass. Lower tempera-
tures would decrease benthic growth
increments and reduce benthic produc-
tion and biomass. The development of
testable hypotheses through multidisci-
plinary studies on seasonal and interan-
nual time scales at the southern Chukchi
time series sites, including process stud-
ies, are needed to address this hydro-
graphic influence question.

SUMMARY

Overall, both macrofaunal and epiben-
thic community compositions at the
RUSALCA time-series sites in the south-
ern Chukchi Sea have remained relatively
constant over the time period considered
in this study (2004-2012). Although esti-
mates of biomass were at times highly
variable for the more motile epibenthic


http://www.arctic.noaa.gov/dbo/dbo2
http://www.arctic.noaa.gov/dbo/dbo2

Volume transport

Food supply

Temperature

Growth
increment

Production/biomass

fauna, there were indications of a decline
in epibenthic biomass since 2009 at some
of the time-series sites. By comparison,
the more sedentary macrofauna show a
significant decline in biomass from 2004
to 2012, both for the composite time-
series sites and at select sites located
within Anadyr Water. Key drivers of
both macrofaunal and epifaunal compo-
sition and biomass are known to include
hydrographic factors, such as salinity and
temperature, food supply as estimated
by integrated chlorophyll a content, and
sediment composition, all dependent on
the advection of Pacific water entering
the Chukchi Sea through Bering Strait.
There is one notable difference in depen-
dence on food availability, with food
supply being a more directly influential
factor for macrofaunal biomass and com-
munity structure than it is for epifaunal
The DBO international
network, which encompasses many of the
RUSALCA CS line time-series sites, will
continue to enhance our understanding

communities.

of ecosystem response to changing envi-
ronmental conditions by providing sea-
sonal and interannual tracking of physi-
cal, hydrographic, and biological factors
in the region. While this periodic sam-
pling is valuable, there is also a distinct
need to increase process-level stud-
ies and modeling to track drivers of the

Possible mechanism of
climatic influence on
production/biomass of
zoobenthos

Growth
increment

Production/biomass

persistence of benthic fauna that are key
prey for upper trophic benthivores in this
highly productive region. These studies
can also help to forecast future changes
driven by advective forcing through
Bering Strait that can have ramifications
for overall ecosystem health and food
web dynamics.
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