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Abstract

Epibenthic communities contain a wide range of organisms and serve an important role in 

marine ecosystems. They are involved in carbon remineralization, benthic production, and are 

important prey items for higher trophic levels. Arctic epibenthic communities may be 

experiencing significant changes in species composition, abundance, and biomass at both short 

and long term time scales. While epibenthic communities may be responding to long term shifts 

in the environment, differentiating long term trends from short term interannual variation can be 

problematic. The present study examined interannual differences of epibenthic communities and 

potential environmental drivers of their variability in the Chukchi Sea. For this, a plumb-staff 

beam trawl was used to sample epibenthic species composition, abundance, and biomass of the 

dominant invertebrate taxa at 71 stations around the Chukchi Sea during the ice free seasons of 

2009, 2010, 2012, and 2013. Over the entire study area and within a smaller area with the most 

temporal coverage, the largest separation was between 2009 and 2013, with more difference 

between 2009 to 2010 than between 2012 and 2013. Crustaceans were the most significant 

contributors to community composition, based on abundance, and biomass. The important 

environmental drivers that varied along with the epibenthic community in some but not all years 

included bottom water temperature, salinity, dissolved oxygen, mean sediment chlorophyll a, 

and sediment organic matter. In contrast, sediment grain size was important in all years and, 

therefore, was the least likely to contribute to the biological variability among years. While these 

data provide a benchmark on interannual variability of epibenthic communities in the Chukchi 

Sea, more monitoring is essential to determine long term trends.
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1. Introduction

Similar to other Arctic seas, the Chukchi Sea is a dynamic ecosystem with considerable 

short term variability in both its biological and physical environment. Short term variability 

(considered in this study as differences or separation between years) in the abundance and 

biomass of epibenthic organisms is a natural phenomenon and may be caused by a variety of 

environmental drivers, including variation in local current regimes, the amount of production that 

reaches the benthos, and water mass properties (such as temperature and salinity) (Winsor and 

Chapman, 2002; Blanchard et al., 2013a; Questel et al., 2013). There are three main currents 

with unique water mass properties that flow northward into the system: Alaska Coastal Water, 

Anadyr Water, and Bering Shelf Water (Grebmeier, 1987; Grebmeier et al., 1989). Anadyr 

Water and Bering Shelf water converge to form Bering Shelf-Anadyr Water (Grebmeier et al., 

1989). The Alaska Coastal Water flows on the eastern side of the Chukchi Sea, and is 

characterized by higher temperature and lower salinity than Bering Shelf-Anadyr Water in the 

west, which is characterized by low temperature and relatively high salinity (Grebmeier et al., 

1989). The Alaska Coastal Current can alter direction under particular wind regimes, flowing in 

a southward direction instead of northward (Weingartner et al., 2005). The Chukchi Sea 

undergoes large variation in temperature, salinity, and overall flow characteristics of these 

current regimes on monthly, annual, and even decadal scales (Weingartner et al., 2005). If 

variation occurs, it can cause a shift in important drivers that shape the structure of benthic 

communities, including sediment grain size, salinity, temperature, and the quality (carbon and 

nitrogen content within the sediment) and quantity of production reaching the seafloor (Winsor 

and Chapman, 2002; Blanchard et al., 2013a; 2013b; Questel et al., 2013). Understanding short 

term variability is essential if we are to properly interpret long term changes in biological 

communities.

Previous studies of the Chukchi Sea have found that this region has the highest 

abundance and biomass of benthic organisms in the Arctic, in spite of the low temperatures and 

high temporal variation in particulate fluxes to the seafloor (White, 1977; Grebmeier, 1987). 

Benthic fauna, therefore, play a much greater role in benthic turnover and production in the 

Arctic than in lower latitudes (Feder et al., 2005; Blanchard et al., 2013a). High benthic 

abundance and biomass despite the harsh environment have been linked to a high deposition of
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organic material, particularly in cold waters (Haflinger, 1981; Stoker, 1981). In addition, benthic 

community composition is different, and abundance and biomass is higher, in offshore regions 

compared with the coast in arctic regions (Stoker, 1981). The pattern of abundance, biomass, and 

overall community composition conforms to current patterns and water mass distributions for the 

Chukchi Sea as there is a higher macrofaunal abundance and biomass under the offshore Bering

Shelf Anadyr Water (1684-6940 ind/ m2 and 22.2-24.2 g C/m2, respectively) than under the
2 2inshore Alaska Coastal Current (641-4193 ind/m and 2.0-15.4 g C/m , respectively) (Grebmeier 

et al., 1989).

Echinoderms and crustaceans make up the majority of the epibenthic community in the 

Chukchi Sea, and are, therefore, important in this environment (Piepenburg, 2000; Feder et al., 

2005; Bluhm et al., 2009; Ravelo et al., 2014). For example, brittle stars can number as high as 

several hundred individuals m2 (Piepenburg, 2000). Both echinoderms and crustaceans play 

important roles in the remineralization of organic matter, bioturbation of the surrounding 

sediment, and linking the benthic food chain to higher trophic levels (Piepenburg et al., 1995; 

Bluhm et al., 1998; Summers and Nybakken, 2000). It has been estimated that a significant 

portion of energy in Arctic shelf systems may pass through the epibenthos (Piepenburg et al., 

1995; Piepenburg and Schmid, 1996). The abundance and biomass of echinoderms and 

crustaceans are sensitive to the amount of available primary production (McMahon et al., 2006), 

as well as to the temperature and salinity regimes of various water masses (Grebmeier et al.,

1988; Feder et al., 1994). Therefore, echinoderm and crustacean abundance, biomass, and 

relative community composition can shift along with the seasonal and annual variation in the 

main currents flowing into the Chukchi, since current variation could cause a shift in the 

advection of production to the benthic environment. In a previous study, these two taxa varied 

spatially in both abundance and biomass across the Chukchi Sea, and generally had an inverse 

relationship in their dominance distribution (Ravelo et al., 2014).

Epibenthic organisms display a variety of sediment regime preferences and are strongly 

influenced by sediment grain size and quality (carbon and nitrogen content within the sediment) 

(Taghon, 1982; Etter and Grassle, 1992). For instance, polychaetes and brittle stars dominate in 

muddy substrates, whereas amphipods and crabs dominate in coarser grained regimes 

(Highsmith and Coyle, 1992). Finer grained sediments contain more organic matter, and have
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higher microbial activity than coarse substrata (Boos and Franke, 2004). Substrate, therefore, 

strongly influences community composition and likewise provides essential components needed 

to maintain metabolic processes (Tenore, 1988). If shifts in sediment grain size or sediment 

quality occur, then changes in benthic communities are expected (Grebmeier et al., 1989). 

Sediment organic content (hereon referred to as sediment quality) is important in maintaining 

cellular structure and influences amino acid synthesis (Tenore, 1988). Carbon and nitrogen are 

therefore needed in a large supply to support the extensive benthic communities. Since sediment 

grain size and quality are determined by hydrodynamic events such as current speed and 

duration, sediment quality can be used to infer hydrodynamic processes and physical ocean 

events, which affect food supply and habitat structure for epibenthic communities. Sediment 

characteristics are a vital factor in predicting how these communities are structured, both 

spatially and temporally (Blanchard and Feder, 2014).

In shallow seas, like the Chukchi, particles are quickly advected to the benthos, thus 

allowing for a fresh supply of productivity to the epibenthic environment. It is ultimately the flux 

of energy from nutrient rich surface waters to the benthos that links pelagic production to benthic 

production (Grebmeier and Barry, 1991; Wassmann, 1991; Dunton et al., 2005). Since benthic- 

pelagic coupling is a product of depth and the amount of pelagic production, which is driven by 

the advection of nutrient rich waters from the Bering Sea through the Bering Strait into the 

shallow Chukchi Sea (Coachman et al., 1975; Springer and McRoy, 1993; Grebmeier et al., 

2006), tight benthic-pelagic coupling is very important in supporting the large epibenthic 

communities found in the Chukchi Sea. Organic matter flux to the benthos is highly variable 

interannually for high latitudes (Wassmann et al., 2006). Overall, abundance and biomass of 

epibenthic organisms has been decreasing on a decadal time scale in some high latitude regions, 

and has been thought to be due to a reduction in the amount of carbon flux to the benthos 

(Baldwin and Smith Jr., 2003). A decrease in benthic-pelagic coupling could put stress on the 

large epibenthic communities of the Chukchi Sea (Ruhl, 2007), resulting in an overall reduction 

in organism size (Baldwin and Smith Jr., 2003). Since the Chukchi Sea is such a dynamic 

environment, benthic community structure may be driven by many environmental drivers. It is, 

therefore, important to understand which drivers are important in this system, and in particular, 

which are influencing the short term variability in the biology.
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This study presents information on the short term variation of abundance, biomass, and 

species composition of the epibenthos at stations on the northeastern Chukchi Sea shelf occupied 

in 2009 -  2013 (Figure 1). Comparisons were made between 2009 and 2010 and between 2012 

and 2013 as well as between the earlier and later year groups. The objectives of this current study 

were to (1) determine the interannual differences in abundance and biomass of epibenthic 

communities in the Chukchi Sea, (2) determine which species specifically contributed to the 

interannual differences in community structure, and (3) determine which environmental drivers, 

if any, influence the community variability. Along with these objectives, the following 

hypotheses were tested: (1) The epibenthic community structure in the Chukchi Sea will vary 

interannually, (2) the observed variation in epibenthic community structure is driven by 

crustaceans and echinoderms, and (3) current regime proxies such as sediment grain size and 

sediment carbon and nitrogen content will be the main drivers of epibenthic community structure 

variability.
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Figure 1: Epibenthic stations sampled in 2009, 2010, 2012, and 2013 in the Chukchi Sea, 

Alaska. The color of the circles represent the number of years that a station was sampled.

2. Materials and Methods

2.1 Sampling Site Description

The present study was carried out in the northeastern Chukchi Sea, Alaska extending from 

70° to 73 °N and 168° to 157°W. Sampling took place in the ice-free seasons in 2009 (n=26 

stations), 2010 (n=26), 2012 (n=20), and 2013 (n=23). Of the 71 total stations, 24 were sampled 

in multiple years, with three being sampled all four years (Figure 1). In 2009 and 2010, the study 

area was more widespread, while the 2012 and 2013 study area focused on the northeast.

Stations ranged in depth from 24 to 65 m. In 2009 and 2012, stations were initially selected using 

a tessellation method in GIS that ensured random selection and even station distribution (White
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et al., 1992). The following years (2010 and 2013), stations were again randomly designated; 

however, some previously sampled stations were opportunistically resampled.

2.2 Sampling Strategy

The epibenthic communities were sampled at each station with a 3.05 m plumb-staff beam 

trawl (Gunderson and Ellis, 1986). The trawl had a 7 mm mesh and a 4 mm codend liner, and 

was modified with a lead line and 15 cm chain pieces tied to the footrope every 15 cm to 

increase connectivity with the seafloor. Bottom time for the trawl ranged from 1 min and 15 sec 

to 5 min, depending on substrate composition and epifaunal density for each specific area, which 

was determined visually using a benthic camera deployed prior to each trawl. The resulting trawl 

sample was then sieved on deck and sorted into the lowest taxonomic level possible, after which 

taxa were counted and weighed. If a station was resampled, the same trawl parameters were used 

(wire length, boat speed and bottom time). Data were standardized to 1000 m . When a trawl 

sample was too large to feasibly process, it was subsampled by dividing the sample into equal 

portions and choosing one portion at random. Any unknown organisms were preserved in a 10% 

formalin solution for later identification at the University of Alaska Fairbanks.

Environmental drivers were sampled in the same years and at the same stations as the 

biological data. Sediments were collected with 0.1 m van Veen grabs, and were used for 

sediment grain size analysis and for determining sediment quality, defined as total organic 

carbon, total organic nitrogen, sediment chlorophyll a, and C:N (details in Grebmeier and 

Cooper, 1995; Cooper et al., 2002). In addition, water column characteristics (bottom water 

temperature, salinity, turbidity, dissolved oxygen and pH) were determined via a YSI 6600 V2-4 

data sonde (YSI inc, Yellow Springs, Ohio, USA) in 2009 and 2010, and by a Seabird CTD 

rosette in 2012 and 2013.

2.3 Data Analysis

Data analyses were performed through ArcGIS, PRIMER v. 6 (Clarke and Gorley, 2006), 

and R (www.r-project.org, V2.15.0). As an initial examination into the study area, a CLUSTER 

analysis was run on the proportion, or relative, abundance and biomass of major taxa in PRIMER 

to determine how stations grouped together based on taxon similarity both spatially and 

temporally. This was done via a similarity matrix utilizing the Bray-Curtis coefficient on 4th root
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transformed data. The SIMPROF routine was then used to determine significantly different 

cluster groupings based on taxa similarity. Since stations varied in spatial coverage from year to 

year, GIS was used to determine the area of maximum spatial overlap of stations across years 

(2009 to 2010 and 2012 to 2013). The Generate Near Table tool was used to determine which 

stations were closest to one another among the year pairs, and the Join Field tool was used to 

determine the proximity by year. The CLUSTER analysis was rerun on the stations with 

maximum overlap to ensure the pattern seen was not due to the spatial mis-match among study 

years. Total community abundance and biomass distributions were calculated and visually 

represented through ArcGIS, and the means of each year were compared using an ANOVA test 

in R based on arcsine root transformed total abundance and biomass values to see if differences 

between years were statistically significant. All stations sampled in each year were used as 

replicates for that particular year. A Tukey test was then run to determine which years were 

significantly different from one another. Finally, to examine the amount of separation between 

years, an ANOSIM test in PRIMER was run on total biomass and abundance of the spatially 

overlapping stations. The R values, or the measure of scaled separation between groups, were 

compared.

To determine which specific taxa were responsible for differences in community composition 

between years, a SIMPER test in PRIMER was run on a Bray-Curtis similarity matrix on 4th root 

transformed data to determine which taxa contributed to the differences among clusters and years 

for the spatially overlapping stations. An ANOVA test in R was performed on arcsine 

transformed relative biomass and abundance to see if proportions of major taxa varied 

significantly from 2009 to 2013 using the subset of spatially overlapping stations. Since 

proportional data have a binomial distribution, an arcsine transformation was used to standardize 

the data. A Tukey test was then performed to determine which years were statistically different 

from one another.

The temporally variable environmental drivers (bottom water temperature, salinity, dissolved 

oxygen, sediment grain size, C:N, and sediment chlorophyll a content) that were concurrently 

sampled at each station were normalized in PRIMER so drivers at a range of scales could be 

compared, and would contribute equally to the analysis. Collinerarity between drivers was 

visually inspected using a Draftman’s plot in PRIMER. If two drivers were found to be
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correlated at 90% or greater, determined by the underlying correlation matrix of the Draftman’s 

plot, one was removed from further analysis. Conductivity was correlated with salinity and was 

therefore removed analysis. In addition, the various grain sizes of sand, mud and gravel (coarse, 

fine, very fine) all correlated with one another, and, therefore, percent mud was used as the 

sediment grain size variable. A Euclidean distance similarity matrix was then created on 

normalized environmental drivers. The BIO-ENV analysis in PRIMER was run to determine if 

any environmental drivers might be responsible for differences in epibenthic community 

structure for each year. This was done by comparing the Bray-Curtis and Euclidean distance 

resemblance matrices of the biological and environmental data, respectively, to determine if any 

environmental drivers correlated with the biological communities across the study region. This 

test was once again repeated on the subset of spatially overlapping stations to ensure that the 

observed pattern was not driven by a mis-match in spatial coverage between years.

3. Results

3.1 Abundance

Based on abundance of epibenthic communities, all stations in 2009 clustered into two 

groups at 80% similarity (Figure 2). Group 1, consisting of ten of the total 26 stations (in green), 

was primarily characterized by Ophiuroidea (90% of the total trawl abundance). Group 2, 

containing 15 stations (in pink), was dominated by Chionoecetes opilio, and secondarily by 

Pagurus spp. and Caridea (32%, 20%, and 16% of total abundance, respectively). There was also 

one unique station, CBL 9, which was located very close to shore and was composed mostly of 

the sand dollar Echinarachniusparma (95% of total abundance). Stations in 2010 grouped into 

three clusters at 80% similarity (Figure 3), which increased overall community complexity 

compared with 2009. Group 1, consisting of ten of the 24 stations (in pink), was dominated by 

Ophiuroidea with a secondary contribution by Caridea (61% and 15% of the total trawl 

abundance, respectively). Group 2, containing 14 stations (in green), was dominated primarily by 

Caridea (51% of the total trawl abundance), and secondarily by C. opilio and Pagurus spp. (20% 

and 14%, respectively). Lastly, group 3, consisting of two stations (in blue), was primarily 

composed of Ophiuroidea (69% of the total trawl abundance), with a 30% contribution of 

“others”, which for UTX19 consisted of various gastropods, whereas WR1 had a large 

contribution from Ocnus glacialis. In the later years of the study, stations in 2012 clustered
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together in two groups at 80% similarity (Figure 4). Group 1, containing 16 stations (in green), 

was dominated by Ophiuroidea with a secondary contribution by Caridea (60% and 20% of total 

abundance, respectively). Group 2, consisting of four stations (in pink), was dominated by 

Caridea (65% of the total trawl abundance), and secondarily by “others”, which consisted of 

Hyas coarctatus and various gastropods (26% of the total abundance). Stations in 2013 grouped 

together in two clusters, also at 80% similarity (Figure 5). Group 1, containing 16 of the total 19 

stations (in green), were dominated by Ophiuroidea and “others”, which included various 

gastropods (47% and 23% of the total abundance, respectively). There was also a 17% 

contribution from Caridea. Group 2, consisting of three stations (in pink), contained primarily 

Caridea (75% of the total trawl abundance). Note that the same cluster numbers and colors 

among years (Figures 2-5) do not indicate any relationship between clusters in different years. In 

addition, the cluster analysis was repeated on the subset of stations that overlapped spatially, and 

resulted in the same overall pattern for each year: one cluster composed mostly of Ophiuroidea, 

and the other dominated by an arthropod (C.opilio, Pagurus spp., or Caridea).
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Figure 2: Epibenthic community composition based on abundance in 2009. Top: Stations 

clustered into two epibenthic communities at 80% similarity, shown in green (cluster 1) and pink 

(cluster 2). Bottom: Percent composition of the major taxonomic groups in clusters 1 (green) and 

2 (pink).
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Figure 3: Epibenthic community composition based on abundance in 2010. Top: Stations 

clustered into three epibenthic communities at 80% similarity, shown in green (cluster 1), pink 

(cluster 2), and blue (cluster 3). Bottom: Percent composition of the major taxonomic groups in 

clusters 1 (green), 2 (pink), and 3 (blue).
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Figure 4: Epibenthic community composition based on abundance in 2012. Top: Stations 

clustered into two epibenthic communities at 80% similarity, shown in green (cluster 1) and pink 

(cluster 2). Bottom: Percent composition of the major taxonomic groups in clusters 1 (green) and 

2 (pink).
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Figure 5: Epibenthic community composition based on abundance in 2013. Top: Stations 

clustered into two epibenthic communities at 80% similarity, shown in green (cluster 1) and pink 

(cluster 2). Bottom: Percent composition of the major taxonomic groups in clusters 1 (green) and 

2 (pink).
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Based on the subset of stations with the maximum spatial overlap (Figure 6), there was an 

overall decrease in mean abundance from year to year (Figure 7, Table 1). Stations sampled in 

2009 had a mean abundance of 11,285±1,214 individuals per 1000 m with the highest values at 

stations in the west of the study region. Stations in 2010 had a mean value of 6,863±4,061 

individuals per 1000 m , with highest values in the south of the study region (Figure 7, Table 1). 

Stations sampled in 2012 and 2013 showed an overall drop in abundance from previous years 

with means of 3,661±1,500 and 444±200 individuals per 1000 m , respectively. Stations in each 

of these years (2012 and 2013) had a more uniform abundance distribution over the entire study 

area (Figure 7). The yearly abundances were significantly different between all individual years 

and 2013 (Table 1). Higher separation in abundance was observed between the earlier years 

(2009 and 2010) than between the later years (2012 to 2013), however these values are low and 

there is therefore little difference between these two year groups (ANOSIM; R= 0.082 and 0.029 

for 09-10 and 12-13, respectively; Table 2). The most separation was found between 2009 and 

2013, and the least from 2010 and 2013 (R= 0.277 and 0.009 for 09-13 and 10-13, respectively; 

Table 2).
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J65*W 160TW 155'W

Figure 6: Circled stations are a subset of stations with the maximum spatial overlap for all years 

based on ArcGIS spatial analysis. Colors represent the sampling year.
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Figure 7: Total abundance of epibenthic communities from stations sampled in 2009, 2010, 

2012, and 2013. Yellow circles represent stations sampled in 2009, purple circles 2010, teal 

circles 2012, and red circles 2013. Size of the circle indicates number of individuals.
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Table 1: Top: One-way analysis of variance (ANOVA) and mean values and standard deviations 

in each year for total abundance and biomass within spatially overlapping stations. Asterisks 

represent statistically significant changes in total abundance and biomass over time. Bottom: 

Tukey test p-values for spatially overlapping stations of statistically significant differences in 

years. Asterisks represent statistically significant changes in total abundance and biomass over 

time.

Sum of 
Squares

Mean
Square

F-value p-value Mean
2009

Mean
2010

Mean
2012

Mean
2013

Abundance
(#/1000m2)

43.975 43.975 27.840 4.321e-06* 11,285±
1,1214

6,863±
4,061

3,661±
1,500

444±
200

Biomass
(kg/1000m2)

39.950 39.950 52.909 5.914e-09* 35±11 18±5 9±4 0.5±
0.2

10 -  09 12 -  9 13 -  9 12 -  10 13 -  10 13 -  12
Abundance 0.563 0.00043* 3.12e-05* 0.098 0.00022* 0.0138*
Biomass 0.237 4.81e-05* 1.78e-06* 0.008* 0.0478* 0.0029*

Table 2: R-values, or the scaled degree of separation between years, based on the analysis of 

similarity (ANOSIM) test for epibenthic abundance and biomass.

Years R-value

Abundance 09-10 0.082

09-12 0.111

09-13 0.277

10-12 0.033

10-13 0.009

12-13 0.029

Biomass 09-10 -0.058

09-12 0.144

09-13 0.275

10-12 0.121

10-13 0.184

12-13 -0.075
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For all years, four taxa best described overall epibenthic community abundance: the 

brittle star class Ophiuroidea, the snow crab Chionoecetes opilio, the hermit crabs Pagurus spp., 

and the infraorder of shrimp Caridea (SIMPER analysis, Spearman coefficient = 0.753, 0.818, 

0.709, and 0.639 for 2009, 2010, 2012, and 2013, respectively). For subsequent analyses, all 

other taxa were included in the “others” category, and consisted of various gastropods, sea stars, 

bryozoans, the crab Hyas coarctatus, and the sea cucumber Ocnus glacialis. While the 

aforementioned groups were always the dominant taxa, the relative contribution of each group to 

total abundance varied significantly between years (Table 3-4). In 2009 and 2010, the majority of 

the community was composed of Ophiuroidea (Figure 2-3). However, between 2009 and 2010, 

Chionoecetes opilio contributed most to the separation in total abundance between years (Table 

3-4). Chionoecetes opilio was a major contributor to abundance in 2009 and 2010, but not in 

2012 and 2013, when the major contributor to total abundance were Caridea and Pagurus spp. In

2012, the majority of the community was composed of Ophiuroidea and Caridea (Figure 4). In

2013, Caridea and Ophiuroidea contributed most to community abundance, and Caridea 

contributed most to the separation between the years 2012 and 2013 (Figure 4-5). Out of the 

major taxa describing the community, C. opilio decreased significantly in abundance across most 

year pairs, while Pagurus spp. increased significantly from 2009 to 2013 (p = <0.001 and 0.004, 

respectively; Table 3-4). Specifically, C. opilio abundances were significantly different between 

the years 2009 and 2012, 2009 and 2013, and 2010 and 2012 (Table 3). For Pagurus spp., 

however, the only significant differences in abundance were between 2009 and 2012 and 

between 2009 and 2013 (Table 3).
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Table 3: Top: One-way analysis of variance (ANOVA) of major taxa based on relative 

abundance and biomass within spatially overlapping stations by year. Asterisks represent 

statistically significant changes in taxon abundances over time. Bottom: Tukey test p-values for 

spatially overlapping stations of taxa with statistically significant differences in years: C.opilio, 

Pagurus spp., and Caridea

Major Taxa Sum of 

squares

Mean

square

F-value p-value

Abundance Ophiuroidea <0.001 <0.001 <0.001 0.994

Chionoecetes opilio 0.277 0.277 13.45 <0.001*

Pagurus spp. 0.070 0.070 8.788 0.004*

Caridea 0.160 0.160 2.040 0.157

Others 0.068 0.068 1.989 0.162

Biomass Ophiuroidea 0.425 0.425 3.163 0.079

Chionoecetes opilio 1.864 1.864 32.54 <0.001*

Pagurus spp. 0.006 0.006 0.519 0.473

Caridea 0.052 0.052 8.686 0.004*

Neptunea spp. <0.001 <0.001 0.394 0.532

Others 0.170 0.170 3.055 0.084

Taxa Year

1 0 - 0 9 1 2 - 0 9 13 -  09 12 -  10 13 -  10 13 -  12

Abundance

C.opilio 0.433 <0.001* 0.050* 0.008* 0.660 0.153

Pagurus spp. 0.640 0.058 0.054* 0.544 0.519 0.999

Biomass

C.opilio 0.965 <0.001* <0.001* <0.001* <0.001* 0.999

Caridea 0.436 0.032* 0.029* 0.513 0.522 0.999
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Table 4: Mean values for relative abundance and biomass for taxa that varied significantly 

between 2009, 2010, 2012, and 2013.

Organism Year

2009 2010 2012 2013

Abundance

Chionoecetes opilio 0.286±0.192 0.126±0.091 0.002±0.001 0.087±0.025

Pagurus spp. 0.122±0.095 0.092±0.072 0.056±0.028 0.055±0.037

Biomass

Chionoecetes opilio 0.331±0.116 0.317±0.105 0.053±0.021 0.036±0.011

Caridea 0.011±0.001 0.044±0.005 0.098±0.020 0.168±0.053

The environmental drivers that best explained the patterns in community structure varied 

over time. In 2009, sediment grain size best matched the biological community patterns (BIO- 

ENV analysis, p = 0.576). In 2010, sediment grain size, salinity, the C:N ratio within the 

sediment, and dissolved oxygen (p = 0.439) were the most important drivers. In 2012, four 

drivers were also important but in this year, they were sediment grain size, salinity, the C:N ratio 

within the sediment, and bottom temperature (p = 0.481). Finally, 2013 also indicated four 

important drivers: sediment grain size, the percentage of carbon to nitrogen, temperature, and 

mean sediment chlorophyll a (p = 0.520). Overall, sediment grain size was important in all years. 

Dissolved oxygen was only important in 2009, whereas mean sediment chlorophyll was only 

important in 2013. Temperature became important in the later years of the study (2012 and 

2013). The C:N ratio within the sediment was important in all years except 2009, and salinity 

was only important in 2010 and 2012. These patterns held true when community patterns were 

analyzed over all stations within the study area, as well as when only the stations with the 

maximum spatial overlap were considered. This suggests that the spatial mis-match in station 

location across years did not contribute to the selection of important environmental drivers.
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3.2 Biomass

Based on epibenthic community biomass composition, all of the 2009 stations grouped 

into two clusters with 80% similarity (Figure 8). Group 1, consisting of 12 of the total 26 stations 

(in green), was dominated by Ophiuroidea (65% of the total trawl biomass), and secondarily by 

“others” and Chionoecetes opilio (17% and 12%, respectively). “Others” consisted of various 

gastropods and sea stars. Group 2, consisting of 13 stations (in pink), was characterized mainly 

by C. opilio with a secondary contribution of Pagurus spp. and “others”, which were various 

gastropods, sea stars, and the anemone Stomphia spp. (17%, 51%, and 19%, of the total biomass, 

respectively). There was also one unique station, CBL 9, located very close to shore. Similar to 

abundance, this station was dominated by Echinarachniusparma (96% of the total trawl 

biomass). In 2010, stations grouped together in three clusters, at 80% similarity (Figure 9), which 

increased overall community complexity in this year. Group 1, containing ten of the total 24 

stations (in green), was dominated by Ophiuroidea with a secondary contribution by “others”, 

which were various gastropods and C. opilio (49%, 23%, and 16% of the total biomass, 

respectively). Group 2, consisting of 11 stations (in pink), was dominated by C. opilio (64% of 

the total trawl biomass) and secondarily by Pagurus spp. and “others”, which were various 

gastropods and Gersemia spp. (20% and 11%, respectively). Group 3, containing the final three 

stations (in blue), was characterized by “others”, which were primarily gastropods and 

bryozoans, and had secondary contributions from both C. opilio and Caridea (44%, 24%, and 

23%, respectively). There were also two unique stations that did not group with other stations, 

UTX19 and WR1. UTX19 was mostly composed of the sea star Leptasterias spp. and various 

gastropods (41% and 35%, respectively), whereas WR1 consisted primarily of Ocnus glacialis 

(81% of total trawl biomass). Stations in 2012 clustered together into two groups at 80% 

similarity (Figure 10). Group 1, consisting of 14 of the total 20 stations (in green), was 

comprised mostly of Ophiuroidea, with a small contribution from “others”, which were various 

sea stars, bryozoans and Hyas coarctatus (62% and 18% of the total biomass, respectively). 

Group 2, containing four stations (in pink), was dominated by “others”, which were various 

gastropods, and secondarily Pagurus spp. and Caridea (48%, 18%, and 11%, respectively). There 

were also two unique stations, CBL11 and H5. CBL11 was dominated by various gastropods, 

and H5 was dominated by the bryozoan Alcyonidium disciforme (50% of total trawl biomass). In 

2013, stations clustered into two groups, also at 80% similarity (Figure 11). Group 1, consisting
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of 18 of the total 23 stations (in green), was comprised mostly of Ophiuroidea and “others”, 

which were various sea stars (52% and 30% of total trawl biomass, respectively). Group 2, 

consisting of five stations (in pink), was comprised primarily of “others”, in this case the sea star 

Ctenodiscus crispatus (44% of the total trawl biomass), and secondarily Pagurus spp., Caridea, 

and C. opilio (20%, 19%, and 12%, respectively). Note that the same cluster numbers and colors 

among years (Figures 8-11) do not indicate any relationship between clusters in different years. 

When biomass from the subset of stations with the maximum spatial overlap across years was 

examined, the same pattern was observed; one cluster was composed mostly of Ophiuroidea, and 

the other was dominated by an arthropod (C.opilio, Pagurus spp., or Caridea).
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Figure 8: Epibenthic community composition based on biomass in 2009. Top: Stations clustered 

into two epibenthic communities at 80% similarity, shown in green (cluster 1) and pink (cluster 

2). Bottom: Percent composition of the major taxonomic groups in clusters 1 (green) and 2 

(pink).
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Figure 9: Epibenthic community composition based on biomass in 2010. Top: Stations clustered 

into three epibenthic communities at 80% similarity, shown in green (cluster 1), pink (cluster 2), 

and blue (cluster 3). Bottom: Percent composition of the major taxonomic groups in clusters 1 

(green), 2 (pink), and 3 (blue).
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Figure 10: Epibenthic community composition based on biomass in 2012. Top: Stations 

clustered into two epibenthic communities at 80% similarity, shown in green (cluster 1) and pink 

(cluster 2). Bottom: Percent composition of the major taxonomic groups in clusters 1 (green) and 

2 (pink).
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Figure 11: Epibenthic community composition based on biomass in 2013. Top: Stations 

clustered into two epibenthic communities at 80% similarity, shown in green (cluster 1) and pink 

(cluster 2). Bottom: Percent composition of the major taxonomic groups in clusters 1 (green) and 

2 (pink).
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There was a decrease in mean biomass from year to year based on the subset of 

maximum overlap stations (Figure 12, Table 1). Stations in 2009 had a mean biomass of 35±11 

kg wet weight per 1000 m with the highest biomass located in the western study area. Mean 

biomass in 2010 was 18±5 SD kg wet weight per 1000 m , with the largest biomass values to the

southwest (Figure 12, Table 1). There was an overall decrease in biomass in 2012 and 2013, with
2 2 

mean values of 9±4 kg wet weight per 1000 m and 0.5±0.2 kg wet weight per 1000 m ,

respectively (Figure 12, Table 1). In these latter years, biomass was more evenly distributed

across stations. The yearly biomass values were significantly different between 2013 and all

other years, as well as between 2010 and 2012 (Table 1). Based on biomass, there was no

difference in community structure between 2009-2010 and between 2012 and 2013, since

negative R-values are considered zero. More separation in communities based on biomass was

seen between 2009 and 2010 than between 2012 and 2013 (R = -0.058 and -0.075 for 09-10, and

12-13 respectively; Table 2). Based on the stations with maximum spatial overlap, the most

separation was found between 2009 and 2013, and the least between 2009 and 2010 as well as

between 2012 and 2013 (R = 0.275, -0.058, and -0.075 for 09-13, 09-10, and 12-13, respectively;

Table 2). Furthermore, in the later years of the study, biomass was more uniformly distributed

over the entire study area as opposed to 2009 and 2010, when it was more variable (Figure 12).
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Figure 12: Total biomass of epibenthic communities from stations sampled in 2009, 2010, 2012, 

and 2013. Yellow circles represent stations sampled in 2009, purple circles 2010, teal circles 

2012, and red circles 2013. Size of the circle indicates kg wet weight.

Five taxa best described overall epibenthic community biomass for all years: 

Ophiuroidea, Chionoecetes opilio, Pagurus spp., Caridea, and the large predatory gastropod 

Neptunea spp. (SIMPER analysis, Spearman coefficient = 0.745, 0.783, 0.751, and 0.649 for 

2009, 2010, 2012, and 2013, respectively). All other taxa were included in “others”, which was 

defined as various gastropods, sea stars, bryozoans, the soft coral Gersemia spp., the crab Hyas 

coarctatus, the anemone Stomphia spp., and the sea cucumber Ocnus glacialis. The “dominant” 

groups mentioned above did not differ among years; however, the relative contribution of each 

group to toal biomass (the difference seen in the percent biomass) varied significantly between
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years (Table 3-4). In 2009, the majority of the community was composed of Ophiuroidea and C. 

opilio (Figure 8). Between 2009 and 2010, C. opilio contributed most to the separation between 

years (Table 3-4). Stations sampled in 2010 were composed mainly of C. opilio, but both C. 

opilio and Ophiuroidea contributed most to the separation between years (Figure 9).

Chionoecetes opilio was a major contributor to biomass in 2009 and 2010, and Caridea and 

Pagurus spp. were the major biomass contributors in 2012 and 2013. In 2012 and 2013, the 

majority of the community was composed of Ophiuroidea (Figure 10-11). Between 2012 and 

2013, C. opilio and Caridea contributed most to the separation between years (Table 3-4). Of the 

major taxa that described the community, only C. opilio and Caridea varied significantly over the 

four years of the study (p = 1.37e-07 and 4.05e-03, respectively; Table 3-4). The proportion of C. 

opilio significantly decreased across most year pairs, whereas Caridea significantly increased 

from 2009-2012 and 2009-2013 (Table 3-4). Specifically, C. opilio biomass was significantly 

different between the years 2009 and 2012, 2009 and 2013, 2010 and 2012, and between 2010 

and 2013 (Table 3). For Caridea, however, the only significant differences were between 2009 

and 2012, and 2009 and 2013 (Table 3).

The environmental drivers that best matched the biological community patterns changed 

over the study years. In 2009, it was sediment grain size (BIO-ENV analysis, p = 0.618), while in 

2010, they were sediment grain size, salinity, the C:N ratio within the sediment, and dissolved 

oxygen (p = 0.488). For 2012, sediment grain size, salinity, the C:N ratio within the sediment, 

and temperature were most important (p = 0.532), while in 2013, sediment grain size, the C:N 

ratio, temperature, and mean sediment chlorophyll a had the highest correlation to epibenthic 

community patterns (p = 0.451). Overall, sediment grain size was important in all years. In 

contrast, dissolved oxygen and mean sediment chlorophyll a were only important in 2010 and 

2013 respectively. Temperature became important in the last two years of the study. The C:N 

ratio within the sediment was important in 2010, 2012 and 2013. The environmental drivers best 

matching community biomass variability were the same when analyzed over all stations, or when 

only the stations with the maximum spatial overlap were considered. This suggests that the 

spatial mis-match in station location among years did not contribute to the selection of important 

environmental drivers.
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4. Discussion

4.1 Community Composition Patterns

Epibenthic abundance, biomass, and community composition (primarily Chionoecetes 

opilio, Pagurus spp., and Caridea) were temporally variable across the Chukchi Sea study area. 

There was more separation in epibenthic community composition between 2009 and 2013 for 

both relative abundance and biomass. The least separation was found between 2010 and 2013 for 

abundance, and between 2009 and 2010 as well as 2012 and 2013 for biomass Station clusters in 

2009 and 2010 contained relatively equal numbers of stations within two main clusters in each 

year (a small third cluster in 2010), whereas in 2012 and 2013, most stations grouped together 

into one large cluster with only three or four stations clustering separately. This could indicate 

that epibenthic communities were becoming more homogeneous and less complex, with a more 

equal species distribution.

Previous studies in the Chukchi Sea have shown a very productive and dynamic system 

with high abundance, biomass, and temporal as well as spatial variation of both epi- and infaunal 

communities (Grebmeier et al., 2006; Piepenburg, 2006; Ravelo et al., 2014). A so-called 

“hotspot” of benthic abundance and biomass exists southeast of Hanna Shoal (Grebmeier et al., 

2006), where a convergence of currents increases deposition of organic matter to the epibenthic 

environment (Weingartner et al., 2013). High abundance and biomass was seen here in the 

epibenthic community in the first two years of this study; however, it was not seen in the last two 

years when abundance and biomass were very low. This holds true for all stations as well as the 

subset of spatially overlapping stations. The variation in hotspot abundance and biomass could 

be due to changes in current regimes, which may lead to a decrease in the amount of primary 

production reaching the seafloor. Another possibility is the regionally colder temperatures that 

have been observed in recent years, which could be due to slower flushing times of the cold 

dense winter water that forms on Hanna Shoal, which normally gets replaced by Bering Sea- 

Anadyr Water in early summer (Day et al., 2013). Colder temperatures are not favorable for 

several of the major epibenthic players in the Chukchi Sea, as colder temperatures have been 

found to inhibit larval recruitment and development (Ernst et al., 2005; Day et al., 2013; Balazy 

et al., 2015). Most studies focusing on variability in Arctic benthic communities have examined 

long term changes in abiotic drivers, such as sea ice cover and circulation patterns (Walsh, 1978;

30



Semtner Jr., 1987; Johannessen et al., 2004; Stroeve et al., 2007). The Chukchi Sea varies greatly 

in ice cover, circulation, temperature, salinity, and the amount of production sinking to the 

benthos from year to year (Grebmeier and Barry, 1991; Winsor and Chapman, 2002; Arrigo and 

van Dijken, 2004; Grebmeier et al., 2006). This current study agrees with past studies in that the 

Chukchi Sea is dynamic, and that the importance of environmental drivers of epibenthic 

communities varies by year. The important drivers of community structure in this study were pH, 

temperature, and the percentage of carbon to nitrogen within the sediment. This environmental 

variability probably influences interannual variability in the biological community.

Crustaceans contributed most to the temporal differences in community composition, 

whereas both crustaceans and echinoderms were the major contributors to total abundance and 

biomass across the study region in every year. One species, Chionoecetes opilio was particularly 

variable in abundance and biomass over time (Table 2-3). In addition, the sizes of C. opilio have 

also varied over spatial and temporal scales in this study area (Konar et al., 2014; Gross and 

Konar, unpublished data). Previous studies in the Bering Sea reported C. opilio migration 

patterns that would be reflected in abundance, biomass and size frequency patterns (Somerton, 

1981a; Ernst et al., 2005). Bering Sea C. opilio can undergo ontogenetic migrations of 73.5 

nautical miles from shallow to deeper water (Ernst et al., 2005); although traditionally, 

migrations have been regarded as negligible since only shorter migrations have been found 

(Somerton, 1981b; Incze et al., 1987). In the Bering Sea, eggs are hatched in shallow waters 

because these regions are suitable for the survival, retention, and settlement of pelagic larvae 

(Ernst et al., 2012). Juvenile crabs also tend to stay in shallow water because they prefer the 

increased dissolved oxygen associated with these depths (Dionne et al., 2003). Once they settle, 

crabs grow to maturity, mate, and migrate to deep water (Ernst et al., 2005; Parada et al., 2010). 

This shallow to deep migration cycle has been monitored for three decades in the Bering Sea, 

and appears to have a mean period of seven years per cohort (Ernst et al., 2012). The same 

migratory pattern/periodicity in cohort development could be happening in the Chukchi Sea, as 

evidenced by the variability in abundance and biomass over time, and the overall decrease in 

mean values of C. opilio in this current study. Migrations of C. opilio may be following 

environmental gradients. Bering Sea mature female C. opilio follow bottom temperature 

gradients and population movements are prevented by excessive cooling or heating of water, 

since crabs have preferred temperature ranges of 0-4.5°C (Dionne et al., 2003; Ernst et al., 2005).
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This observed temperature preference matches the present study, as temperatures above 0°C in 

2009 and 2010, and temperatures below 0°C were observed for 2012 and 2013. If these 

temperature constraints are the same for Chukchi Sea crabs, mature crabs might migrate off the 

shelf onto the slope to find warmer water flowing in from the Atlantic, reaching 1°C at depth 

(Coachman and Barnes, 1963). Temperatures below 0°C are not suitable for adult crabs, and may 

help explain the decrease in abundance and biomass that was observed in the later two study 

years if the temperature point measurements are representative of a more permanent decrease of 

temperature in the region.

Colder water may also have implications for Caridea and Pagurus spp. as well. The 

proportion of shrimp biomass became higher from 2009 to 2013 and less variable over time. The 

Gulf of Alaska experienced a regime shift in 1977 from a cold to warm temperature regime, 

which negatively affected the pandalid shrimp population (Anderson, 2000; Hare and Mantua, 

2000; Overland et al., 2008). Shrimp are ecologically important, since they can occupy all depths 

and are common in high latitude food webs (Anderson, 2000). In the late 1970s, warming in the 

Gulf of Alaska caused pandalid shrimp to rapidly decline in abundance (Anderson and Piatt, 

1999; Anderson, 2000), as seen in the inverse relationship of temperature with shrimp 

recruitment (Anderson, 2000). In the northeastern Chukchi Sea, decreasing temperatures may 

thus support higher shrimp recruitment and may help explain the increase in shrimp biomass 

over the study years, if caridean shrimp in the Arctic exhibit a similar temperature preference as 

pandalid shrimp in the Gulf of Alaska. There have been very few studies on Pagurus spp. in the 

Arctic, but through the use of gastropod shells they not only provide transportation, but habitat 

for epibionts (Williams and McDermott, 2004; Balazy et al., 2015), and are, therefore, 

considered important ecosystem engineers (Balazy et al., 2015). In the laboratory, Pagurus spp. 

populations in northern Norway decreased with a decrease in temperature because lower 

temperatures inhibited larval development (Balazy et al., 2015). This temperature dependence 

could explain the observed decrease of Pagurus spp. abundance over time in the present study. 

Both Caridea and Pagurus spp. are important players in Arctic ecosystems, and therefore, 

variation in the abundance and biomass of these species will impact other trophic levels.

The variability in the epibenthic community observed in the current study has 

implications for higher trophic levels, such as benthic feeding marine mammals who utilize the
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Chukchi Sea epibenthos as a prey source. For example, Hanna Shoal is a preferred feeding 

ground for walrus (Jay et al., 2012). Walrus rarely dive deeper than 100 m, so the shallow 

environment of the Chukchi Sea and specifically Hanna Shoal is ideal for walrus foraging (Fay, 

1982; Moore and Huntington, 2008). In addition, there is a hotspot of benthic fauna on Hanna 

Shoal, where ice remains until late into the summer (Martin and Drucker, 2012). This is 

especially important for walrus, which utilize ice for resting between feeding bouts to conserve 

energy and maintain their blubber layer (Moore and Huntington, 2008). This current study found 

a decrease in epibenthic community complexity, abundance and biomass, especially in the later 

years of the study. If these trends continue and this is an actual decline and not just interannual 

variability, upper trophic levels that depend on the extensive epibenthic community could be 

impacted. It should be noted that these declines may simply be part of the natural variability in 

the system and more monitoring is needed to confirm this.

4.2 Environmental Analysis

The Chukchi Sea is a very dynamic ecosystem, with much variability in its environmental 

drivers along with its biological communities. The correlations of environmental drivers with 

biological communities were reasonably strong and demonstrated that most of the primary 

drivers (bottom water temperature, salinity, dissolved oxygen, mean sediment chlorophyll a, and 

sediment organic matter) differed over time. One exception was sediment grain size, which was 

an important driver for describing community composition in all years for both relative 

abundance and biomass. These environmental drivers are associated with hydrodynamic regimes 

(currents and water mass characteristics), which are known to vary across years in the Chukchi 

Sea (Weingartner et al., 1998; Winsor and Chapman, 2002; Weingartner et al., 2005).

Variability in hydrographic regimes (current and water mass properties) can cause shifts 

in the dominant epibenthic taxa. Sediment grain size and sediment quality characteristics are 

thought to be proxies for current features. Faster currents produce coarser sediment whereas 

slower currents create fine grained sediment habitats (Grebmeier et al., 1989). In addition, 

currents determine how much organic matter reaches the benthos. The Chukchi Sea current 

systems are highly variable and have been known to change direction with strong wind regimes, 

which can also vary interannually (Weingartner et al., 1998; 2005; 2013). For example, reversal 

of the Alaska Coastal Current would ultimately change the sediment grain size and the amount of
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production reaching the benthos, which might impact the resident organisms (Blanchard et al., 

2013a). Interannual variation in water mass characteristics is also high in the Chukchi Sea, with 

large differences in temperature and salinity between successive winters (Winsor and Chapman, 

2002). Temperature and salinity define water masses, which subsequently can cause variation in 

the amount of productivity in the water column. A shift in temperature would cause zooplankton 

grazing rates to change, since as temperature increases or decreases so too does metabolism. A 

larger fraction of primary production retained in the pelagic system would subsequently affect 

the amount of primary production available to epibenthic organisms (Arrigo and van Dijken, 

2004),. Density in high latitude systems is mostly driven by salinity, which influences deep water 

formation and therefore ventilation of benthic systems (Winsor and Chapman, 2002). Benthic 

biomass is two to ten times greater under the nutrient-rich Bering Shelf-Anadyr Water than it is 

under Alaska Coastal Water (Springer and McRoy, 1993; Blanchard and Feder, 2014).

Therefore, the variability observed in the epibenthic community in the present study could have 

been due to a shift in current regime or water mass properties.

Bering Sea-Anadyr Water flows northward offshore, and splits around Hanna Shoal in 

the northeast. The upper arm of this split continues around the top of the shoal, and then wraps 

back on itself to meet up with the lower arm of the split, ultimately forming a convergence south 

of Hanna Shoal (Weingartner et al., 2005; 2013). This convergence allows for slower water 

motion, and thus retains a cold pool of winter water with a slow flushing of this water in the 

summer, when it is commonly replaced by Bering Shelf-Anadyr Water (Weingartner et al., 1998; 

2005; 2013). Based on previous studies, the region south of Hanna Shoal is thought to be much 

more oceanographically stable than the surrounding waters (Weingartner et al., 1998; 2005; 

2013). The later years of this present study had colder bottom water overall than in the earlier 

years, suggesting cold winter water was not fully flushed out of the system in the summer. Cold 

bottom waters have been recorded previously in summer months on Hanna Shoal; however, 

these conditions are not constant, varying nearly 40C from year to year (Weingartner et al.,

2013). Temperature changes have implications for the benthic community, since many biological 

processes are temperature dependent. Recent evidence has suggested that there has been a 50% 

increase of flow through the Bering Strait over the past decade (Woodgate et al., 2012).

Increased flow has led to an increase in heat and freshwater fluxes into the Chukchi Sea 

(Woodgate et al., 2012), and a coarser sediment grain size (Grebmeier and Cooper, 1995).
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Changes in the drivers that structure the epibenthic communities were seen in this study, and 

their importance in describing epibenthic variability remained high for all years.

One environmental driver that was not examined in the current study, but that may 

impact the Chukchi Sea, is sea ice (Gutt, 2001). Sea ice in the northern hemisphere ranges from 

year-round thick ice (rarely exceeds depths > 40 m) to thin seasonal ice (on average 0.5-2 m) that 

only occurs in the winter months (Gutt, 2001). Thick ice prevents sunlight from reaching the sea 

surface, which in turn prevents photosynthesis and development of an underlying ice algal layer 

(Fisher et al., 1988; Fortier et al., 2002). When thick ice is present, there is little flux of 

particulates to the benthos. When the ice thins, ice algae are exposed to adequate sunlight for 

photosynthesis, seeding the phytoplankton bloom in the spring. The seasonal flux in ice melt 

timing as well as direction will cause considerable variation in magnitude and location of 

epibenthic communities (Fisher et al., 1988; Fortier et al., 2002). Ice scour is another physical 

driver of epibenthic communities in the Chukchi Sea since it is a shallow shelf system. Ice drift 

is mainly current driven and can run aground at depths of 600 m, leaving deep gouges 

(Sanderson, 1988; Gutt, 2001). In the Canadian Arctic, a benthic community that was once 

dominated by suspension feeders shifted to a community of scavengers and deposit feeders after 

scour occurred (Conlan et al., 1998; Gutt, 2001; Conlan and Kvitek, 2005). Scour has the 

potential to increase diversity within the system when different recolonization stages coexist, and 

scour can open up space for organisms (Gutt, 2001). Ice presence could therefore explain some 

variability seen in the biological community from 2009 to 2013.

5. Conclusion

The present study observed significant differences of the epibenthic community in the 

Chukchi Sea from 2009 to 2013. Ophiuroidea and Crustacea were the two taxa that contributed 

most to abundance and biomass; however, contributions of Chionoecetes opilio, Caridea, and 

Pagurus spp. to the communities were more variable over time. The environmental drivers that 

best described community structure were bottom water temperature, salinity, dissolved oxygen, 

mean sediment chlorophyll a, and sediment grain size and organic matter. Of these, sediment 

grain size was a consistent driver in all years of the study, and likely had a minimal impact on the 

differences in epibenthic communities among years. The variability observed in the epibenthic 

community could be due to a shift in current regime and water mass characteristics, which could
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have led to a slower flushing of winter water from the area. It is this cold water that determines 

the recruitment success of various organisms, including Caridea and crab larvae. However, the 

Chukchi Sea ecosystem is highly dynamic, and, therefore, the variability seen in this study could 

be due to natural system variability as well, but more testing is needed to confirm this.
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