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Abstract

We studied time-series fluxes of diatom particles and their relationship to hydrographic
variations from 4 October 2010 through 18 September 2012 using bottom-tethered
sediment trap moorings deployed at Station NAP (75◦ N, 162◦ W; 1975 m water depth)
in the western Arctic Ocean. We observed clear maxima of the diatom valve flux in5

November–December of both 2010 and 2011, and in August 2011. Diatoms in sam-
ples were categorized into 98 taxa. The diatom flux maxima were characterized by
many resting spores in November–December and by the sea ice-associated diatom
Fossula arctica in August 2011. These assemblages along with abundant clay miner-
als in the samples suggest a significant influence of shelf-origin materials transported10

by mesoscale eddies, which developed along the Chukchi Sea shelf break. In contrast,
the fluxes of total mass and diatoms were reduced in summer 2012. We hypothesize
that this suppression reflects the influx of oligotrophic water originating from the central
Canada Basin. A physical oceanographic model demonstrated that oligotrophic sur-
face water from the Beaufort Gyre was supplied to Station NAP from December 201115

to early half of 2012.

1 Introduction

There are numerous studies reporting the significant influence of the recent declin-
ing trend in Arctic sea-ice extent (Stroeve et al., 2012) on marine ecosystems (i.e.,
Grebmeier et al., 2010; Wassmann and Reigstad, 2011; Wassmann et al., 2011). The20

sea-ice decrease and related oceanographic changes, such as increases in water tem-
perature, allow enhanced primary production in the Chukchi Sea (Wang et al., 2013).
Diatoms are one of the major phytoplankton in the Chukchi Sea (Coupel et al., 2012),
and the recent environmental changes have influenced the diatom flora and diatom pro-
ductivity (e.g. Arrigo et al., 2008, 2012; Lowry et al., 2014). In the cryopelagic Canada25

Basin, where the major primary producer is picoplankton, the biogenic particle flux into
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the deep sea has been quite low (Honjo et al., 2010). The limited functioning of the bi-
ological pump essentially results from the low productivity of shell-bearing microplank-
ton and zooplankton in oligotrophic waters (Honjo et al., 2010). The shell-bearing mi-
croplankton have a role as ballast for settling organic matter, and zooplankton produce
fecal pellets. Both of these types of particles are important in biological pump pro-5

cesses.
The decrease in sea-ice cover results in the intensification of the Beaufort Gyre

(McPhee, 2013) and deepening of the nutricline (Nishino et al., 2011a), whereas im-
proved light penetration may support primary production in the deep chlorophyll max-
imum layer (Yun et al., 2012). In addition, the intensification of sea-surface circulation10

resulting from the sea-ice decline promotes lateral shelf–basin interactions (Nishino
et al., 2011b; Watanabe and Hasumi, 2009). The upper water column in the Chukchi
Borderland can be affected by three characteristic water-masses: Pacific water, East
Siberian Shelf water, and Beaufort Gyre water (Nishino et al., 2011a). As one of the
major contributors to the biological pump, diatoms in the offshore regions along the15

Chukchi Sea shelf are likely affected by these recent dramatic environmental changes.
Compared to the shelf and shelf slope areas of the Arctic Ocean where there have

been many monitoring studies (i.e., Hargrave et al., 1989; Fukuchi et al., 1993; Wass-
mann et al., 2004; Forest et al., 2007, 2011; Gaye et al., 2007; Sampei et al., 2011),
the year-round study of sinking biogenic particles in the Arctic Ocean basins is still lim-20

ited, except for a few studies (Fahl and Nöthig, 2007; Honjo et al., 2010; O’Brien et al.,
2013). In the Chukchi Borderland, the ice-tethered drifting sediment trap “S97-120m”
was deployed in 1998 (Honjo et al., 2010), whereas there has been no year-round
monitoring study of settling particles except for that by Watanabe et al. (2014). The
only previous report on a time-series of diatom fluxes in the basin of the Arctic Ocean25

is that by Zernova et al. (2000), whose target region was at Station LOMO2 off the
Laptev Sea.

In this paper, we present new findings on the settling flux of diatom valves and the
relationships among diatom valve flux, sinking diatom flora, and upper water-mass
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properties in the southern Northwind Abyssal Plain from October 2010 to Septem-
ber 2012.The Chukchi Sea is one of the obvious areas of retreating summer sea-ice
(Stroeve et al., 2012). The present paper is the first report on diatom floral flux after the
clear trend of declining sea-ice in the Arctic Ocean. We expect that the recent hydro-
graphic changes in the western Arctic Ocean will be reflected in the settling diatom flux5

and associated assemblages. The objectives of this paper are (1) to report the varia-
tion in diatom flux and assemblage, and (2) to consider how hydrographic changes in
the upper water column are reflected in the diatom assemblage and diatom flux in the
western Arctic Ocean.

2 Materials and methods10

Year-round deployments of a bottom-tethered mooring with two conical time-series
sediment traps (model SMD26S-6000; Nichiyu Giken Kogyo Co. Ltd., Tokyo, Japan)
were conducted twice at Station NAP on the southern Northwind Abyssal Plain (75◦ N,
162◦ W; 1975 m water depth) from 4 October 2010 through 27 September 2011 and
from 4 October 2011 through 17 September 2012. The settling particles were collected15

for 10–15 days per sample. The record of the pressure sensor mounted on the sedi-
ment trap shows that the sediment traps were deployed at depths of about 180–260 m
and 1300–1360 m. Before sediment-trap deployment, the 26 sampling cups of each
trap were filled with seawater containing 4 % neutralized formalin. In this study we an-
alyzed all of the samples from shallower and deeper traps, except for some samples20

that contained a very low volume of trapped particles.
The recovered sediment-trap samples were sieved through a 1 mm mesh to remove

swimmers (Matsuno et al., 2014), and then the fine size-fraction (less than 1 mm) was
split into appropriate aliquots (1/1000) for diatom analysis by using a wet sample di-
vider (WSD-10; McLane Research Laboratories,East Falmouth, Massachusetts, USA).25

One of the aliquots was filtered onto a membrane filter (0.45 µm pore size) with a 3 mm
grid. The sample was desalted by rinsing with Milli-Q water, and then the sample filter
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was dried overnight in an oven at 50 ◦C. Two sample filters were prepared for each sam-
ple, and then one of the filters was mounted on a microscope glass slide with Canada
balsam.

Diatoms on the glass slides were counted under a light microscope at 600× magnifi-
cation. The other sample filter was used for scanning electron microscope observation5

after osmium coating. A minimum of 400 diatom valves (including resting-spore valves)
were identified, usually to species or genus level. Diatom fluxes were estimated on
the basis of valve counts, aliquot size, filtered area (535 mm2), area of sample filter
observed, area of sediment trap opening (0.5 m2), and the sampling period (Onodera
et al., 2005) (Appendix Table A1). As described in a previous microplankton flux study10

in the southeastern Beaufort Sea (Forest et al., 2007), the flux of diatom-derived par-
ticulate organic carbon (POC; hereafter, diatom POC flux) was estimated on the basis
of diatom cell size and an equation for converting cell volume to carbon content per
diatom cell (Menden-Deuer and Lessard, 2000). The method for bulk component anal-
ysis is described by Watanabe et al. (2014).15

Data for sea-ice concentration and light intensity at the sea surface (or at the top
of sea ice if present) around Station NAP during the sampling period were obtained
from the National Centers for Environmental Prediction (NCEP)/Climate Forecast Sys-
tem Reanalysis (CFSR) (Saha et al., 2010). Sea surface temperature (SST) at Station
NAP was derived from the National Oceanographic and Atmospheric Administration20

(NOAA) OI.v2 SST (Reynolds et al., 2002). Because the moored sediment trap array
at Station NAP did not include equipment to measure current velocity, temperature,
or salinity (i.e., acoustic Doppler current profiler [ADCP] or conductivity–temperature–
depth [CTD] sensors), a physical oceanographic model known as the Center for Cli-
mate System Research Ocean Component Model (COCO) version 4.9 (Hasumi, 2006)25

was applied to estimate the condition of the upper water column in the western Arctic
Ocean during the sampling period. The horizontal grid size of this pan-Arctic ice–ocean
model was about 25 km, and there were 28 vertical levels. The model simulation was
executed from 1979 to 2012 using the NCEP/CFSR atmospheric forcing data. Whereas
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most parts of experimental designs were the same as in Watanabe (2013) and Watan-
abe and Ogi (2013), the model version and atmospheric forcing dataset were changed
from COCO 3.4 and NCEP1 (Kalnay et al., 1996), respectively. These simulated sea-
ice and ocean fields were used as initial conditions for the seasonal experiments re-
ported in Watanabe et al. (2014). These previous analyses suggest that the model5

captured the major variability in the western Arctic Ocean.

3 Results

3.1 Oceanographic features and mooring conditions

Station NAP is located at the southwestern edge of the Beaufort Gyre (Fig. 1), and is
occasionally influenced by relatively oligotrophic waters of the Beaufort Gyre (Nishino10

et al., 2011a). The study area is in polar night from early November through early
February (Fig. 2a). The CFSR shortwave radiation at the sea surface (or surface of
sea ice) ranged from 0 to 378 W m−2 (Fig. 2a). Station NAP is located in a seasonal
sea-ice zone, and is covered by sea-ice from late October through July (Fig. 2b). Sea
surface temperature temporarily increased to about 2 ◦C in early August in 2011 and15

2012 (Fig. 2c).
The upper water column around the study area is categorized by four water masses

(McLaughlin et al., 2011). Under the surface mixed layer (about the upper 25 m), Pacific
summer water is observed at 25–100 m water depth (salinity approximately 31–32;
Steele et al., 2004). Cold Pacific winter water (temperature minimum at 150 m, salinity20

around 33; Coachman and Barnes, 1961) is found under the Pacific summer water
(100–250 m water depth). Higher salinity water originating from the Atlantic Ocean is
observed under the Pacific winter water.

According to the logged data from pressure and temperature sensors attached to the
sediment traps, the shallower sediment trap was moored at a water depth of 181–218 m25

(median, 184 m) for the first deployment period, and at 247–319 m (median, 256 m) for
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the second (Fig. 2c). Therefore, the shallow trap was in Pacific winter water during
the sampling period, except for in July 2012 (Fig. 2c and d). In July 2012, the depth
of the shallower trap increased to 320 m in the warm Atlantic water layer, probably
because of intensified water currents, which might have temporarily decreased the
trapping efficiency for sinking particles (Matsuno et al., 2014). The deeper sediment5

trap was moored at 1318–1378 m for the entire sampling period.

3.2 Total mass flux and bulk components

As previously reported by Watanabe et al. (2014), the total mass flux showed clear
annual maxima in November–December in both 2010 and 2011 (Fig. 2e and f). The
major component of trapped particles was lithogenic silt-clay minerals (Fig. 2e). There10

was another peak in total mass flux in summer 2011, but this summer peak did not ap-
pear in 2012. The time-series of biogenic opal flux showed variations similar to those
of total mass flux (r = 0.93 for shallow trap data, n = 34), and biogenic opal flux in-
creased in November–December (Fig. 2e). Microscopic observation suggests that the
biogenic opal in the studied material consisted mainly of diatoms and radiolarian shells15

(Ikenoue et al., 2014). The trap samples also contained low numbers of silicoflagel-
late skeletons, siliceous endoskeleton of dinoflagellate genus Actiniscus, chrysophyte
cysts, ebridian flagellate, and palmales. The contribution of these siliceous flagellates
to POC and biogenic opal fluxes in this study appears minor compared to the contri-
bution from diatoms and radiolarians. This result is different from a previous study that20

showed a significant contribution by small flagellates to the POC flux on the Mackenzie
Shelf in the southeastern Beaufort Sea (Forest et al., 2007).

3.3 Diatom valve flux and species composition

The total diatom flux captured in the shallow trap showed clear seasonality (Fig. 3a).
A relatively high flux of diatom valves was observed in November–December 2010,25

August–September 2011, and November–December 2011 (Fig. 3a). The sinking di-
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atom flux rapidly increased in August 2011, when the sea-ice retreated at Station NAP
(Figs. 2b and 3a). The maximum of the total diatom flux at the shallow trap depth in
summer 2011 reached 11.3×106 valves m−2 d−1 in the period from 18 to 31 August.
This maximum was approximately 28 % of the diatom flux maximum at Station LOMO2
(150 m trap depth) in summer 1996 (Zernova et al., 2000). In 2012, a seasonal in-5

crease in total diatom flux started after June. However, in contrast to summer 2011,
there was no clear maximum of diatom flux in June–September 2012. In contrast, the
flux maximum in early winter 2010 and 2011 reached 17.5×106 valves m−2 d−1 and
10.8×106 valves m−2 d−1, respectively. The seasonality in total diatom flux at the deep
trap depth was similar to that at the shallow trap depths (Fig. 3a and b).10

The diatoms found in all samples examined were categorized into 98 taxa (Table 1).
The genera Thalassionema and Chaetoceros (subgenus Hyalochaete) were the major
components in shallow trap samples from late October 2010 to early July 2011 and
from late November 2011 to early July 2012 (Fig. 3c, Table A1). The relative abun-
dances of Fragilariopsis oceanica and F. cylindrus, which are sea ice-related diatom15

species (Ren et al., 2014), gradually increased from April to August 2011. The sinking
diatom assemblage in summer 2011 was mainly composed of Fossula arctica, one of
the common sea-ice diatoms in the Arctic Ocean (Cremer, 1998; von Quillfeldt, 2003).
After the period of F. arctica dominance, the relative abundance of Proboscia eumorpha
increased in shallow trap samples in October through early November 2011 (Fig. 3c).20

The sinking diatom flora during the high flux period of November–December 2011
was essentially the same as that in 2010, although the relative abundance of Chaeto-
ceros resting spores was relatively minor compared to other diatoms (Fig. 3a and b).
The observed dominance of sea ice-related diatoms was low in summer 2012. Instead,
relative abundance of planktic diatoms such as Thalassiosira spp. and Nitzschia spp.25

increased in settling diatom assemblage in summer 2012. Melosira arctica, which was
commonly observed at Station LOMO2 (Zernova et al., 2000) and under summer sea
ice in the Amundsen and Nansen basins (Boetius et al., 2013), was rarely observed
in the studied samples. The diatoms encountered are mainly marine planktic and sea
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ice-related species. Because diatom species usually observed in fresh or low-salinity
water were very rare, the biogenic materials collected in this study were primarily of
marine origin. It has been reported that Neodenticula seminae is an endemic species
in the subarctic North Pacific (Hasle, 1976; Yanagisawa and Akiba, 1990) and has
been expanding its distribution to the North Atlantic Ocean via the Arctic Ocean since5

1999 (Reid et al., 2007). At Station NAP, N. seminae frustules and their fragments were
sporadically observed in both shallow and deep trap samples (Fig. 3c and d). Some
diatom valves were observed within aggregated clay minerals, which are considered
an allochthonous component originating from the Chukchi Sea shelf.

3.4 Sinking speed10

Using the time-lag between the observed flux maxima at the shallow and deep trap
depths, we estimated the average sinking speed of aggregated diatom particles be-
tween these depths at 37–75 m d−1 in November 2010 and > 85 m d−1 in August 2011.
The faster sinking speed in August 2011 was primarily due to the abundant gelatinous
material of zooplanktonic origin and the larger particle sizes resulting from chains of15

the diatoms Fossula arctica and Fragilariopsis spp.

3.5 Diatom POC flux

In order to estimate the diatom contribution to POC flux, the diatom POC flux is re-
quired instead of the flux data for diatom valve abundance. Time-series fluctuations in
the diatom POC flux and in the dominant taxa in diatom POC estimation differ from20

those of the diatom valve flux because of the temporary increases in the flux of larger
centric diatoms (Figs. 3 and 4). The estimated diatom POC flux is based on observed
valve numbers. It is therefore difficult to estimate the influence of selective decomposi-
tion of diatom valves and diatom carbon on the POC flux during the sinking process. In
November–December during the years of this study, the major taxa comprising diatom25

POC were Coscinodiscus, Rhizosolenia, and Chaetoceros (resting spores) (Fig. 4).
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A temporary increase in diatom POC flux was caused by the appearance of large Cos-
cinodiscus in late March and from mid-April to early May 2011. Fossula arctica was
the primary species in diatom POC flux during August–September 2011. The high di-
atom POC flux from Rhizosolenia and Proboscia in November 2011 was evidenced by
the abundant occurrence of the end parts of their needle-like valves rather than the5

abundant occurrence of intact cells. Proboscia was dominant in the eastern Chukchi
Sea shelf waters in September–October 2010 (J. Onodera, unpublished data). The di-
atom POC flux in summer 2012 was composed mainly of Thalassiosira spp. Although
vegetative Chaetoceros (subgenus Hyalochaete) and Thalassionema were numerically
abundant, their contribution to diatom POC was relatively minor because their cell vol-10

ume is smaller than that of species of Coscinodiscus, Rhizosolenia, Proboscia, and
Thalassiosira.

4 Discussion

4.1 Summer diatom flux and changes in upper water masses

The diatom flux and species composition in summer 2011 and 2012 probably reflected15

the dominance of different water masses – shelf water or oligotrophic Beaufort Gyre
water – in the upper water column. The high dominance of Fossula arctica at Station
NAP in summer 2011 suggests the influence of Chukchi Sea shelf waters with high
productivity. According to data for the biogeographic diatom distribution in the Laptev
Sea, F. arctica is observed mainly in the sea-ice assemblage around shelf zones rather20

than on the basin side (Cremer, 1998). The relatively high flux of lithogenic material in
2011 also suggests that many of the particles trapped in this study originated primarily
from the Chukchi Sea shelf. During October 2010, there was a high cell density of P.
eumorpha over the eastern Chukchi Sea shelf, whereas there was a low cell density
of Proboscia species in water samples from the southwestern Canada Basin and the25

Northwind Abyssal Plain (J. Onodera, unpublished data). The relative increase in P.
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eumorpha after the period of F. arctica dominance in 2011 probably suggests the influ-
ence of Chukchi shelf waters on Station NAP. The transport of coastal water toward Sta-
tion NAP in summer 2011 was also inferred from the trapped gelatinous zooplankton
material, such as appendicularian “houses” (S. Chiba, personal communication, 2012).
In contrast to the situation in 2011, the limited influence of shelf-origin sea-ice and5

shelf waters around Station NAP in 2012 are evidenced by the suppressed biogenic
and lithogenic particle fluxes and the rare occurrences of F. arctica and other coastal
biogenic particles such as appendicularian houses in January–September 2012.

To examine the background mechanisms for the suppressed biogenic fluxes in sum-
mer 2012, we investigated the relationship between horizontal advection and primary10

productivity using the pan-Arctic ice–ocean modeling approach. The water mass prop-
erties at Station NAP should be considered to be occasionally influenced by inter-
annual variability in the Beaufort Gyre circulation. Here we analyzed the results from
our inter-annual experiment using the 25 km grid COCO model. We first compared the
simulated sea-surface height in the western Arctic Ocean using the summertime av-15

erages in 2011 and 2012 (Fig. 5). In general, the spatial pattern of sea surface height
reflects the intensity and location of the oceanic Beaufort Gyre. The COCO model
demonstrated that the sea-surface height was higher over the entire western Arctic
basin, and the maximum height was in summer 2012, more to the western side of the
basin compared to summer 2011. The difference between the two years indicates that20

the Beaufort Gyre expanded with shifting of its center from the Canada Basin interior
to the Chukchi Borderland in 2012.

The five-year time-series of ocean current direction in the surface 100 m layer shows
that a northwestward current frequently prevailed east of Station NAP (Fig. 6). This
situation favors the spread of shelf-origin water with high abundance of coastal diatom25

taxa and lithogenic materials toward the Chukchi Borderland. The model results also
show that the current direction switched southwestward in December 2011. Because
the central Canada Basin is known as an oligotrophic region (Nishino et al., 2011a), the
transport of nutrient-poor basin water toward Station NAP would be a possible factor for
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explaining the suppressed primary productivity in summer 2012. These model results
suggest that variations in the Beaufort Gyre significantly influenced nutrient availability
and the consequent biogenic fluxes at Station NAP.

4.2 Lateral advection of coastal diatoms in early winter

Based on biogeographic characteristics, much of the Chaetoceros resting spores and5

other coastal diatoms in the studied samples can be regarded as allochthonous ma-
terials transported from shelf to basin. Compared to previous studies of particulate
carbon fluxes in the Arctic Ocean (summarized in Wassmann et al., 2004), the early
winter maximum of POC flux in our study is unusual under conditions of sea-ice cover
and polar night. No diatom flux maximum was observed in any early winter during the10

previous diatom flux study at Station LOMO2 (Zernova et al., 2000). Because polar
diatoms show tolerance to low light intensity (Lee et al., 2008), the autumn diatom
productivity probably continued under sea-ice cover and decreasing solar radiation at
Station NAP after late October (Fig. 2a and b). However, the high diatom productivity
and subsequent flux of settling diatoms and other biogenic particles, comparable to15

the summer situation, cannot be explained on the basis of the general seasonality of
primary production and sinking particle flux in the seasonal sea-ice zone of the Arc-
tic Ocean (Wassmann et al., 2004; Wassmann and Reigstad, 2011). In this study, we
also observed the annual maximum of lithogenic particle flux during the period of the
high flux of sinking diatoms in November–December (Figs. 2 and 3; Watanabe et al.,20

2014). In the early winter of every year, the origin of diatom particles comprising the
diatom flux maximum around Station NAP should be treated as a complex of trans-
ported shelf-origin materials and autochthonous diatoms. The dominance of Chaeto-
ceros (subgenus Hyalochaete) spp. and their resting spores, and abundant silt-clay
minerals in the studied samples, suggests the substantial influence of Chukchi Sea25

shelf waters.
The increased supply of coastal diatoms and lithogenic materials in early winter can

be explained by several possible mechanisms for their transport from shelf to basin.
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Re-suspension of shelf bottom materials into the upper water column would cause the
continuous dominance of lithogenic materials with coastal diatom valves in the studied
particles at Station NAP. In addition, suspended neritic diatoms are incorporated into
sea ice and driven offshore (Różańska et al., 2008). However, sea-ice drift and the
usual re-suspension of shelf materials cannot fully explain the early winter flux max-5

ima of diatoms and lithogenic particles at Station NAP. The high-resolution pan-Arctic
Ocean model COCO demonstrated that a drifting anti-cyclonic cold eddy generated
north of Point Barrow in June 2010 passed Station NAP at the 100 to 200 m water
depth during late October–early December 2010 (Watanabe et al., 2014). The sim-
ulated cold eddy passage was consistent with the observed event-like cooling and10

deepening of the moored trap depth that we recorded in late October–December 2010
(Fig. 2c and d). In addition, this eddy continued to pull cold water from the outer shelf
during the early part of its passage from off Point Barrow toward Station NAP. There-
fore, the movement of the cold eddy could account for the appearance of the high pro-
portion of shelf bottom-water at Station NAP in late October–early December (Fig. S2.215

in Watanabe et al., 2014).
Based on the observed characteristics of diatom floral fluxes and the physical

oceanographic simulation, we suggest that the unique early-winter maximum of diatom
flux observed in this study is primarily caused by a drifting cold eddy that developed
along the shelf break off Point Barrow (Watanabe et al., 2014). Whereas eddy-induced20

lateral transport of coastal materials has been reported in the Canada Basin (O’brien
et al., 2011, 2013; Nishino et al., 2011b), the eddy in this study, composed of Pacific-
origin waters with lower density, did not flow down the shelf slope. Because the shallow
sediment trap was moored at about 260 m during the second deployment, the direct
influence of the cold eddy was not detected by the temperature and pressure sen-25

sors attached to the sediment trap. However, a similar eddy-induced transport event of
shelf materials to the basin in early winter 2011 is evident in the high diatom flux, the
characteristic diatom assemblage, and the high abundance of lithogenic clay particles.
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4.3 Role of diatoms in the biological pump

Because biogenic opal has a ballast effect on the export of particulate organic matter
to deep basins (Honjo et al., 2008; Honda and Watanabe, 2010), the biological pump
is usually effective in diatom-rich oceans such as the Aleutian Basin in the Bering
Sea (Takahashi et al., 2002), the subarctic North Pacific (Honda et al., 2002; Taka-5

hashi et al., 2002; Honda and Watanabe, 2010), and the Southern Ocean (Honjo et al.,
2008). However, most settling autochthonous POC in the central Canada Basin is rem-
ineralized within subsurface layers (Honjo et al., 2010). Fresh POC is not supplied to
deeper layers, even though there is primary production of 2–4 mol C m−2 y−1 (Honjo
et al., 2010). The primary producers in the cryopelagic Canada Basin are mainly green10

algae and other picoplankton (e.g., Coupel et al., 2012). The limited amounts of di-
atoms supplying biogenic ballast and fecal pellets are the causes of an ineffective bi-
ological pump in the Canada Basin (Honjo et al., 2010). The relatively abundant POC
fluxes at Station NAP, in comparison to those at sediment-trap Station CD04-3067 m
(trap depth: 3067 m) in the central Canada Basin (Honjo et al., 2010), are due to the15

higher lateral carbon transport from the Chukchi Sea shelf, autochthonous production
of phyto- and zooplankton around Station NAP (Watanabe et al., 2014).

The diatoms collected in our samples sometimes retained the chain form of frus-
tules. In particular, frustules with residual protoplasm were also observed in the sum-
mer samples. Their occurrence suggests that the carbon supplied to the deep sea in20

the Northwind Abyssal Plain includes not only old carbon transported from the shelf or
sea-floor ridge but also fresh carbon produced around the study area. When the influ-
ence of shelf-origin water is obvious at Station NAP, as in 2011, the biological pump
at Station NAP will be relatively active owing to abundant supplies of biogenic and
lithogenic particles. In contrast, when oligotrophic water from the central Canada Basin25

was supplied to Station NAP, as observed in early 2012, the sinking particle flux at
Station NAP was limited. In this situation, the biological pump might be suppressed to
a level comparable to that in the central Canada Basin. Therefore, on the Chukchi shelf
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side of the outer Beaufort Gyre, primary productivity and the biological pump are influ-
enced by the spatial distribution of upper water masses (Nishino et al., 2011a). When
oligotrophic sea-surface waters suppress the summer particle flux, as evident in sum-
mer 2012, the eddy effect on lateral advection of shelf materials to the basin (Nishino
et al., 2011b; O’Brien et al., 2011, 2013; Watanabe et al., 2014) becomes important to5

the seasonality of organic matter flux and the composition of the sinking microplankton
flora in the study area (Watanabe et al., 2014).
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Table 1. Diatom taxa found in sediment trap samples from Station NAP collected from 4 Oc-
tober 2010 to 18 September 2012. The symbols “∗” and “?” indicate sea ice-related taxa, and
uncertain identification in this study, respectively.

Taxa

Achnanthes brevipes Agardh (1824) Neodenticula seminae (Simonsen and Kanaya) Akiba and Yanagisawa (1986)
Achnanthes lanceolata (Brebisson) Grunow (1880) ? Nitzschia arctica Cleve (1896) ∗
Actinocyclus curvatulus Janisch (1874) Nitzschia frigida Grunow (1880) ∗
Actinocyclus spp. Nitzschia neofrigida Medlin (1990) ∗
Actinoptychus senarius (Ehrenberg) Ehrenberg (1843) Nitzschia polaris (Grunow) Grunow (1884) ∗
Asteromphalus brookei Bailey (1856) Nitzschia promare Medlin (1990) ∗
Asteromphalus hyalinus Karsten (1905) Nitzschia seriata Cleve (1883)
Aulacoseira spp. Nitzschia spp.
Bacillaria spp. Odontella aurita (Lyngbye) Agardh (1832)
Bacterosira fragilis (Gran) Gran (1900) Paralia spp.
Centric spp. Pauliella taeniata (Grunow) Round and Basson (1997)
Chaetoceros (subgen. Chaetoceros) spp. Pennate spp.
Chaetoceros atlanticum Cleve (1873) Pinnularia quadratarea (A.Schmidt) Cleve (1895) ∗
Chaetoceros (subgen. Hyalochaete) spp. Pinnularia quadratarea var. cuneata Østrup (1905) ∗
Chaetoceros spp. Resting Spores Pinnularia quadratarea var. dubia Heiden (1905) ∗
Coscinodiscus oculus-iridis Ehrenberg (1839) Pinnularia semiinflata (Østrup) Poulin and Cardinal (1982)
Coscinodiscus radiatus Enrenberg (1840) Pinnularia spp.
Craspedopleura kryophila (Cleve) Poulin (1993) ∗ Pleurosigma stuxbergii Cleve and Grunow (1880) ∗
Cyclotella spp. Pleurosigma spp.
Cylindrotheca closterium (Ehrenberg) Lewin and Reimann (1964) Pseudo-nitzschia spp.
Cymbella silesiaca Bleisch (1864) ? Porosira glacialis (Grunow) Jørgensen (1905) ∗
Cymbella sinuata Gregory (1858) Proboscia eumorpha Takahashi, Jordan and Priddle (1994)
Cymbella spp. Pseudogomphonema arcticum (Grunow) Medlin (1986)
Delphineis sp. cf. angustata (Pantocsek) Andrews (1981) Pseudogomphonema septentrionale var. angustatum (Østrup) Medlin (1986) ∗
Delphineis surirella (Ehrenberg) Andrews (1981) Pseudogomphonema spp.
Diploneis litoralis var. clathrata (Østrup) Cleve (1896) ∗ Rhizosolenia borealis Sundström (1986)
Diploneis sp. cf. bombus (Ehrenberg) Ehrenberg (1853) Rhizosolenia hebetata Bailey (1856)
Diploneis spp. Rhizosolenia hebetata f. semispina (Hensen) Gran (1904) ?
Entomoneis spp. Rhizosolenia setigera Brightwell (1858)
Eucampia groenlandica Cleve (1896) Rhizosolenia spp.
Fossula arctica Hasle, Syvertsen and Quillfeldt (1996) ∗ Synedropsis hyperborea (Grunow) Hasle, Medlin and Sybertsen (1994) ∗
Fragilariopsis cylindrus (Grunow) Krieger (1954) ∗ Synedra spp.
Fragilariopsis oceanica (Cleve) Hasle (1965) ∗ Thalassiosira antarctica Comber (1896) ∗
Fragilariopsis spp. Thalassiosira bioculata (Grunow) Ostenfeld (1903)
Gyrosigma hudsonii Poulin and Cardinal Thalassiosira decipiens (Grunow) Jørgensen (1905) ?
Gyrosigma macrum (W.Smith) Cleve (1894) ? Thalassiosira eccentrica (Ehrenberg) Cleve (1904) ?
Haslea crucigeroides (Hustedt) Simonsen (1974) ∗ Thalassiosira hyalina (Grunow) Gran (1897)
Licmophora sp. Thalassiosira hyperborea (Grunow) Hasle (1989)
Melosira arctica Dickie (1852) ∗ Thalassiosira leptopus (Grunow) Hasle and Fryxell (1977)
Melosira moniliformis (Müller) Agardh (1824) ? Thalassiosira nordenskioeldii Cleve (1873)
Navicula algida Grunow (1884) ∗ Thalassiosira trifulta Group
Navicula directa (Smith) Ralfs (1861) Thalassiosira spp.
Navicula distans (Smith) Ralfs (1861) Thalassionema nitzschioides (Grunow) Mereschkowsky (1902)
Navicula forcipata var. densestriata Schmidt (1881) ? ∗ Thalassionema spp. ?
Navicula kariana var. detersa Grunow (1882) ∗ Thalassiothrix sp.
Navicula kryokonites Cleve (1883) ∗ Trachyneis aspera (Ehrenberg) Cleve (1894)
Navicula obtusa Cleve (1883) ∗
Navicula superba Cleve (1883) ∗
Navicula transitans Cleve (1883) ∗
Navicula transitans var. derasa (Grunow) Cleve (1883) ∗
Navicula valida Cleve and Grunow (1880) ∗
Navicula spp.
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Table A1a. Sampling schedules for sediment trap deployments NAP10t and NAP11t, the bulk
components, and diatom assemblage data of sediment trap samples from 4 October 2010 to
18 September 2012. The data periods are expanded from Watanabe et al. (2014). The event
time on the dates of initial sampling and sample-cup closing is 0:00 LT (midnight). The symbol
“–” indicates that the analysis was not conducted because of a limited sample volume. Methods
for bulk component analyses are from Watanabe et al. (2014).
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Shallow Trap

NAP10t-S01 4 Oct 2010 18 Oct 2010 14 191.6±2.4 0.1 – – – – – – –
NAP10t-S02 18 Oct 2010 2 Nov 2010 15 187.9±2.0 43.0 0.9 6.4 18.4 4.7 15.2 61.7 712.5
NAP10t-S03 2 Nov 2010 17 Nov 2010 15 189.8±7.2 150.8 0.6 5.2 14.8 2.2 17.9 65.1 1124.0
NAP10t-S04 17 Nov 2010 2 Dec 2010 15 190.3±9.4 215.9 0.6 5.2 14.7 0.0 19.4 65.8 643.5
NAP10t-S05 2 Dec 2010 17 Dec 2010 15 189.9±9.3 122.4 0.7 5.5 15.7 1.0 17.9 65.4 559.0
NAP10t-S06 17 Dec 2010 1 Jan 2011 15 187.1±3.7 98.0 0.6 5.1 14.6 3.3 15.4 66.7 464.5
NAP10t-S07 1 Jan 2011 16 Jan 2011 15 186.5±3.4 30.8 0.5 4.1 11.8 63.8 10.7 13.7 612.5
NAP10t-S08 16 Jan 2011 31 Jan 2011 15 184.9±1.6 19.3 0.4 3.2 9.2 1.8 9.3 79.7 481.0
NAP10t-S09 31 Jan 2011 15 Feb 2011 15 184.5±0.1 21.9 0.3 2.5 7.1 8.2 8.8 75.9 451.0
NAP10t-S10 15 Feb 2011 2 Mar 2011 15 184.5±0.1 33.7 0.5 3.8 10.8 3.0 8.2 78.0 501.5
NAP10t-S11 2 Mar 2011 15 Mar 2011 13 184.5±0.1 43.7 0.5 3.7 10.6 2.6 7.7 79.1 429.5
NAP10t-S12 15 Mar 2011 28 Mar 2011 13 184.5±0.1 37.8 0.5 4.0 11.3 0.0 6.5 82.2 421.0
NAP10t-S13 28 Mar 2011 10 Apr 2011 13 185.5±1.3 20.5 0.4 3.2 9.2 2.0 6.9 82.0 404.5
NAP10t-S14 10 Apr 2011 23 Apr 2011 13 186.0±0.5 49.7 0.8 5.4 15.5 9.8 7.8 66.9 480.0
NAP10t-S15 23 Apr 2011 6 May 2011 13 184.7±0.5 73.2 0.3 2.7 7.8 4.9 10.6 76.6 416.0
NAP10t-S16 6 May 2011 19 May 2011 13 184.4±0.4 109.2 0.3 2.9 8.2 6.4 11.7 73.7 574.0
NAP10t-S17 19 May 2011 1 Jun 2011 13 184.3±0.6 50.2 0.4 3.3 9.5 3.4 11.5 75.6 417.5
NAP10t-S18 1 Jun 2011 14 Jun 2011 13 184.4±0.5 85.5 0.3 2.9 8.2 5.8 12.3 73.7 400.5
NAP10t-S19 14 Jun 2011 27 Jun 2011 13 184.0±0.7 45.3 0.3 2.5 7.3 7.9 11.9 73.0 447.0
NAP10t-S20 27 Jun 2011 10 Jul 2011 13 184.0±0.7 51.6 0.7 5.9 16.8 6.4 12.3 64.5 464.0
NAP10t-S21 10 Jul 2011 23 Jul 2011 13 184.1±1.0 36.9 0.5 4.3 12.3 40.9 12.6 34.3 442.5
NAP10t-S22 23 Jul 2011 5 Aug 2011 13 184.0±0.7 40.6 0.5 4.3 12.2 6.6 12.3 69.0 481.5
NAP10t-S23 5 Aug 2011 18 Aug 2011 13 184.4±0.3 75.6 0.7 5.4 15.5 0.0 11.0 73.6 868.5
NAP10t-S24 18 Aug 2011 31 Aug 2011 13 186.0±1.2 95.5 0.8 6.0 17.1 0.0 13.3 69.7 725.5
NAP10t-S25 31 Aug 2011 14 Sep 2011 14 190.9±8.7 46.4 0.8 5.6 15.9 4.4 12.1 67.6 682.5
NAP10t-S26 14 Sep 2011 28 Sep 2011 14 187.4±4.9 34.8 0.9 6.6 18.9 0.0 11.8 69.2 410.5
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Table A1a. Continued.
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NAP11t-S01 4 Oct 2011 19 Oct 2011 15 258.1±3.9 8.9 – – – – – – 482.5
NAP11t-S02 19 Oct 2011 3 Nov 2011 15 259.1±1.1 9.6 – – – – – – 437.5
NAP11t-S03 3 Nov 2011 18 Nov 2011 15 258.3±0.8 75.2 0.8 6.1 17.5 1.6 12.9 68.0 562.0
NAP11t-S04 18 Nov 2011 3 Dec 2011 15 259.2±2.2 263.3 0.5 4.2 11.9 1.9 10.3 75.9 799.0
NAP11t-S05 3 Dec 2011 18 Dec 2011 15 256.9±0.8 103.0 0.7 5.5 15.8 1.0 10.7 72.5 498.0
NAP11t-S06 18 Dec 2011 2 Jan 2012 15 257.8±2.9 78.2 0.7 5.4 15.4 1.2 9.9 73.4 513.5
NAP11t-S07 2 Jan 2012 17 Jan 2012 15 256.5±0.7 26.4 0.9 7.4 21.1 0.0 10.3 68.6 613.5
NAP11t-S08 17 Jan 2012 1 Feb 2012 15 256.8±0.8 22.5 0.9 6.8 19.3 0.0 12.0 68.6 620.0
NAP11t-S09 1 Feb 2012 16 Feb 2012 15 256.2±0.8 31.8 1.0 6.9 19.7 4.9 12.1 63.3 668.0
NAP11t-S10 16 Feb 2012 2 Mar 2012 15 257.6±3.2 36.6 0.8 6.1 17.4 0.0 15.3 67.2 487.0
NAP11t-S11 2 Mar 2012 17 Mar 2012 15 257.6±4.0 33.5 0.8 5.7 16.2 – 18.7 – 413.0
NAP11t-S12 17 Mar 2012 1 Apr 2012 15 254.8±0.6 17.9 – – – – – – 469.5
NAP11t-S13 1 Apr 2012 16 Apr 2012 15 254.6±0.2 15.6 – – – – – – 518.5
NAP11t-S14 16 Apr 2012 1 May 2012 15 254.5±0.2 15.5 – – – – – – 425.0
NAP11t-S15 1 May 2012 16 May 2012 15 256.5±1.8 22.3 – – – – – – 472.5
NAP11t-S16 16 May 2012 31 May 2012 15 257.0±3.0 30.9 1.0 6.2 17.8 1.8 – – 504.5
NAP11t-S17 31 May 2012 15 Jun 2012 15 255.9±3.4 10.6 – – – – – – 438.5
NAP11t-S18 15 Jun 2012 30 Jun 2012 15 254.2±0.9 13.6 – – – – – – 400.0
NAP11t-S19 30 Jun 2012 15 Jul 2012 15 260.5±8.2 9.2 – – – – – – 435.0
NAP11t-S20 10 Jul 2012 20 Jul 2012 10 300.0±13.6 9.7 – – – – – – 444.0
NAP11t-S21 20 Jul 2012 30 Jul 2012 10 307.0±7.9 8.6 – – – – – – 429.0
NAP11t-S22 30 Jul 2012 9 Aug 2012 10 277.9±24.2 6.0 – – – – – – 461.5
NAP11t-S23 9 Aug 2012 19 Aug 2012 10 253.8±1.0 5.0 – – – – – – 398.5
NAP11t-S24 19 Aug 2012 29 Aug 2012 10 253.3±0.7 7.4 – – – – – – 473.0
NAP11t-S25 29 Aug 2012 8 Sep 2012 10 253.0±0.4 12.0 – – – – – – 464.0
NAP11t-S26 8 Sep 2012 18 Sep 2012 10 252.9±0.2 8.9 – – – – – – 573.5
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NAP10t-D01 4 Oct 2010 18 Oct 2010 14 1333.5±2.3 2.4 – – – – – – 80.0
NAP10t-D02 18 Oct 2010 2 Nov 2010 15 1329.1±1.3 13.1 0.4 3.4 9.8 – – – 152.0
NAP10t-D03 2 Nov 2010 17 Nov 2010 15 1328.4±2.6 53.1 0.5 4.1 11.7 – 14.0 – 417.0
NAP10t-D04 17 Nov 2010 2 Dec 2010 15 1327.5±2.9 77.7 0.5 3.9 11.1 – 14.1 – 521.5
NAP10t-D05 2 Dec 2010 17 Dec 2010 15 1326.3±3.0 116.9 0.4 3.4 9.6 7.0 15.3 68.1 440.0
NAP10t-D06 17 Dec 2010 1 Jan 2011 15 1324.8±1.4 82.7 0.4 3.7 10.6 0.3 14.9 74.2 326.0
NAP10t-D07 1 Jan 2011 16 Jan 2011 15 1324.2±1.3 39.6 0.3 2.8 8.0 0.7 13.5 77.9 341.5
NAP10t-D08 16 Jan 2011 31 Jan 2011 15 1323.0±0.7 32.6 0.3 2.4 6.9 0.9 11.0 81.3 376.0
NAP10t-D09 31 Jan 2011 15 Feb 2011 15 1322.8±0.4 37.9 0.3 2.9 8.3 1.7 9.9 80.0 416.0
NAP10t-D10 15 Feb 2011 2 Mar 2011 15 1322.7±0.5 24.9 0.3 2.9 8.2 – 9.7 – 348.5
NAP10t-D11 2 Mar 2011 15 Mar 2011 13 1322.2±0.8 23.7 0.2 2.1 5.9 – 8.7 – 330.0
NAP10t-D12 15 Mar 2011 28 Mar 2011 13 1322.2±0.8 86.2 0.3 2.9 8.4 1.2 10.2 80.2 433.0
NAP10t-D13 28 Mar 2011 10 Apr 2011 13 1322.3±1.2 50.6 0.3 2.7 7.6 1.3 9.2 82.0 331.5
NAP10t-D14 10 Apr 2011 23 Apr 2011 13 1322.6±0.7 72.3 0.7 4.1 11.8 2.6 9.4 76.3 367.0
NAP10t-D15 23 Apr 2011 6 May 2011 13 1321.4±0.5 41.3 0.5 3.4 9.7 1.4 8.8 80.1 322.5
NAP10t-D16 6 May 2011 19 May 2011 13 1321.1±0.5 27.0 0.2 2.0 5.6 – 10.0 – 358.5
NAP10t-D17 19 May 2011 1 Jun 2011 13 1321.2±0.4 62.3 0.3 2.4 6.8 1.9 9.7 81.5 371.5
NAP10t-D18 1 Jun 2011 14 Jun 2011 13 1321.1±0.5 27.4 0.3 2.4 6.7 – 10.0 – 370.0
NAP10t-D19 14 Jun 2011 27 Jun 2011 13 1320.8±0.7 17.7 0.2 1.7 5.0 2.3 9.2 83.6 181.5
NAP10t-D20 27 Jun 2011 10 Jul 2011 13 1320.3±0.8 19.1 0.2 1.9 5.3 2.0 8.0 84.7 140.5
NAP10t-D21 10 Jul 2011 23 Jul 2011 13 1320.0±0.7 44.3 0.2 2.1 6.1 1.2 7.9 84.8 365.5
NAP10t-D22 23 Jul 2011 5 Aug 2011 13 1319.6±0.3 106.8 0.3 3.1 8.9 1.4 8.4 81.3 369.0
NAP10t-D23 5 Aug 2011 18 Aug 2011 13 1319.5±0.5 160.2 0.4 3.6 10.3 2.7 9.1 77.9 475.5
NAP10t-D24 18 Aug 2011 31 Aug 2011 13 1319.8±0.6 110.3 0.4 3.7 10.5 3.0 10.9 75.6 417.0
NAP10t-D25 31 Aug 2011 14 Sep 2011 14 1321.5±2.9 75.5 0.5 4.0 11.4 1.9 10.9 75.8 452.5
NAP10t-D26 14 Sep 2011 28 Sep 2011 14 1320.1±1.8 53.7 0.4 3.2 9.0 0.5 10.7 – –
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Table A1a. Continued.
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NAP11t-D01 4 Oct 2011 19 Oct 2011 15 1363.5±1.3 26.4 – – – – – – 414.0
NAP11t-D02 19 Oct 2011 3 Nov 2011 15 1361.8±0.6 24.4 – – – – – – 395.5
NAP11t-D03 3 Nov 2011 18 Nov 2011 15 1361.1±1.1 36.4 0.6 4.6 13.0 – 10.7 – 403.5
NAP11t-D04 18 Nov 2011 3 Dec 2011 15 1360.8±1.2 115.6 0.4 3.6 10.2 0.5 11.3 78.0 507.5
NAP11t-D05 3 Dec 2011 18 Dec 2011 15 1359.7±0.2 114.8 0.4 3.5 10.1 1.0 11.0 77.8 554.0
NAP11t-D06 18 Dec 2011 2 Jan 2012 15 1360.0±0.9 100.3 0.4 3.8 10.9 1.0 11.3 76.7 472.5
NAP11t-D07 2 Jan 2012 17 Jan 2012 15 1359.7±0.0 85.5 0.4 3.8 10.7 1.8 11.6 76.0 505.0
NAP11t-D08 17 Jan 2012 1 Feb 2012 15 1359.7±0.0 54.1 0.4 3.8 11.0 1.0 11.1 77.0 446.0
NAP11t-D09 1 Feb 2012 16 Feb 2012 15 1359.7±0.0 38.7 0.4 3.9 11.2 0.1 10.1 78.6 –
NAP11t-D10 16 Feb 2012 2 Mar 2012 15 1360.1±0.8 15.3 – – – – – – –
NAP11t-D11 2 Mar 2012 17 Mar 2012 15 1360.1±1.0 1.6 – – – – – – –
NAP11t-D12 17 Mar 2012 1 Apr 2012 15 1359.6±0.5 8.0 – – – – – – 355.0
NAP11t-D13 1 Apr 2012 16 Apr 2012 15 1359.5±0.7 4.1 – – – – – – 423.5
NAP11t-D14 16 Apr 2012 1 May 2012 15 1359.4±0.8 6.3 – – – – – – 431.5
NAP11t-D15 1 May 2012 16 May 2012 15 1359.7±0.4 1.0 – – – – – – –
NAP11t-D16 16 May 2012 31 May 2012 15 1359.9±0.9 1.1 – – – – – – –
NAP11t-D17 31 May 2012 15 Jun 2012 15 1359.7±1.2 0.0 – – – – – – –
NAP11t-D18 15 Jun 2012 30 Jun 2012 15 1359.1±1.0 < 0.01 – – – – – – –
NAP11t-D19 30 Jun 2012 15 Jul 2012 15 1360.9±2.5 < 0.01 – – – – – – –
NAP11t-D20 10 Jul 2012 20 Jul 2012 10 1372.9±4.2 0.7 – – – – – – –
NAP11t-D21 20 Jul 2012 30 Jul 2012 10 1375.1±2.6 < 0.01 – – – – – – –
NAP11t-D22 30 Jul 2012 9 Aug 2012 10 1366.4±7.3 0.3 – – – – – – –
NAP11t-D23 9 Aug 2012 19 Aug 2012 10 1359.1±1.0 < 0.01 – – – – – – –
NAP11t-D24 19 Aug 2012 29 Aug 2012 10 1359.2±1.0 2.5 – – – – – – –
NAP11t-D25 29 Aug 2012 8 Sep 2012 10 1358.8±1.1 3.6 – – – – – – –
NAP11t-D26 8 Sep 2012 18 Sep 2012 10 1358.8±1.1 0.9 – – – – – – –
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Table A1b. Sampling schedules for sediment trap deployments NAP10t and NAP11t, the bulk
components, and diatom assemblage data of sediment trap samples from 4 October 2010 to
18 September 2012. The data periods are expanded from Watanabe et al. (2014). The event
time on the dates of initial sampling and sample-cup closing is 0:00 LT (midnight). The symbol
“–” indicates that the analysis was not conducted because of a limited sample volume. Methods
for bulk component analyses are from Watanabe et al. (2014).
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Shallow Trap

NAP10t-S01 – – – – – – – – – – – – – –
NAP10t-S02 26.5 1.6 10.2 14.7 13.6 3.2 5.7 4.7 3.8 4.1 1.6 52.9 0.0 10.4
NAP10t-S03 76.2 3.4 27.1 45.7 16.7 5.3 8.7 6.0 5.3 4.4 2.0 46.1 0.0 5.4
NAP10t-S04 175.4 3.8 60.1 111.5 53.3 0.4 3.0 5.5 3.8 1.7 0.0 29.2 0.0 3.
NAP10t-S05 84.7 2.4 29.2 53.0 27.3 1.0 5.7 7.7 2.9 3.3 2.9 42.1 0.0 7.2
NAP10t-S06 118.7 1.8 55.6 61.3 42.8 1.8 2.7 8.5 1.3 0.9 0.9 35.4 0.0 5.8
NAP10t-S07 27.7 0.4 13.3 14.0 29.4 1.0 3.6 10.6 0.0 1.3 1.3 49.4 0.0 3.3
NAP10t-S08 13.0 0.1 6.5 6.5 28.1 0.0 4.1 8.7 0.0 0.0 1.2 56.6 0.0 1.2
NAP10t-S09 12.2 0.3 6.3 5.6 16.0 0.0 8.2 6.6 3.3 0.0 1.2 60.7 0.0 4.1
NAP10t-S10 11.3 0.2 6.1 5.0 14.7 1.1 5.0 9.3 1.1 0.7 1.4 63.1 0.0 3.6
NAP10t-S11 13.4 0.4 8.3 4.8 11.9 1.1 6.5 9.0 2.2 0.7 1.1 65.6 0.0 1.8
NAP10t-S12 9.4 0.3 5.1 4.0 11.5 0.8 5.7 7.4 0.8 2.9 0.0 69.9 0.0 1.
NAP10t-S13 7.9 0.2 4.1 3.5 6.3 0.4 8.9 11.2 2.7 0.4 0.0 66.4 0.4 3.1
NAP10t-S14 15.0 1.4 6.8 6.8 5.7 0.4 9.2 15.3 5.3 6.9 2.3 47.1 0.0 7.8
NAP10t-S15 21.7 2.2 8.1 11.4 4.0 0.5 8.1 7.1 5.6 13.6 3.0 48.5 0.0 9.6
NAP10t-S16 22.4 2.2 6.1 14.1 1.4 1.9 5.6 6.5 7.5 18.2 3.7 45.6 0.0 9.6
NAP10t-S17 16.3 1.7 4.7 10.0 0.0 1.2 5.5 6.8 11.1 11.1 1.2 51.4 0.0 11.7
NAP10t-S18 20.9 2.8 7.6 10.4 3.5 0.0 7.0 9.0 6.0 17.5 5.5 38.7 0.0 13.
NAP10t-S19 14.0 2.2 4.8 7.0 2.7 1.8 10.8 7.2 9.4 18.8 6.3 34.1 0.0 9.
NAP10t-S20 14.5 1.8 5.1 7.6 0.0 1.8 11.8 13.1 7.2 13.1 3.6 32.6 0.0 16.7
NAP10t-S21 17.3 6.1 4.8 6.4 0.4 1.4 5.0 7.2 27.5 25.8 0.0 15.6 0.0 17.2
NAP10t-S22 15.1 3.4 4.5 7.2 2.8 1.2 1.6 9.5 19.9 13.1 17.5 9.7 0.0 24.7
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Table A1b. Continued.
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NAP10t-S23 67.9 42.6 10.3 15.0 1.3 0.0 2.1 2.2 66.7 11.7 3.1 2.1 0.0 10.8
NAP10t-S24 113.4 85.2 8.2 20.0 0.3 0.0 1.5 2.5 77.5 12.6 1.2 0.8 0.0 3.7
NAP10t-S25 49.6 30.2 8.1 11.3 0.2 1.3 1.9 4.4 73.0 5.9 1.1 2.2 0.0 10.
NAP10t-S26 29.8 18.8 3.8 7.2 1.6 0.3 0.6 5.8 79.9 2.6 1.0 4.0 0.0 4.2
NAP11t-S01 4.4 1.4 1.7 1.2 3.8 36.8 5.5 2.6 39.1 4.1 2.6 2.7 0.0 2.9
NAP11t-S02 1.7 0.4 0.6 0.6 10.3 28.6 3.3 6.6 31.2 5.9 2.9 6.8 0.0 4.4
NAP11t-S03 38.1 4.8 21.6 11.7 4.4 52.6 4.4 2.3 14.9 2.6 3.3 14.6 0.0 1.
NAP11t-S04 108.3 5.6 66.0 36.7 53.8 10.8 4.7 2.8 6.8 0.0 2.1 16.1 0.0 2.8
NAP11t-S05 67.5 4.9 37.3 25.3 42.8 2.6 2.6 5.1 5.8 2.9 4.5 31.8 0.0 1.9
NAP11t-S06 34.8 3.8 14.1 16.9 33.3 3.0 8.7 7.9 12.1 4.2 0.0 27.8 0.0 3.
NAP11t-S07 13.9 1.4 7.1 5.3 25.6 7.1 7.1 5.5 11.1 1.8 1.6 36.5 0.0 3.7
NAP11t-S08 14.0 1.0 6.8 6.1 24.7 1.7 6.3 6.9 3.7 4.3 3.7 43.4 0.3 4.9
NAP11t-S09 15.1 1.0 7.2 6.9 23.6 4.1 5.8 5.2 7.1 2.5 0.8 47.3 0.0 3.6
NAP11t-S10 11.0 0.9 4.3 5.9 17.5 1.3 8.8 6.6 8.3 5.7 0.9 46.5 0.0 4.4
NAP11t-S11 9.3 0.7 3.7 5.0 6.3 2.1 12.0 9.9 6.3 1.6 2.6 53.6 0.0 5.7
NAP11t-S12 5.3 0.5 2.2 2.7 11.6 2.6 10.8 8.6 12.9 2.6 2.6 44.9 0.0 3.4
NAP11t-S13 4.7 0.4 2.0 2.4 11.3 2.3 13.3 7.0 3.9 5.1 3.5 47.0 0.0 6.6
NAP11t-S14 4.8 0.5 2.0 2.3 5.4 3.6 4.5 6.8 8.1 5.0 3.6 37.1 0.5 25.3
NAP11t-S15 5.3 0.6 2.3 2.5 5.6 0.4 12.0 12.4 5.2 5.6 7.2 45.9 0.0 5.6
NAP11t-S16 8.5 0.6 1.9 6.1 4.9 4.9 7.0 12.5 12.5 6.3 6.3 40.8 0.0 4.9
NAP11t-S17 2.5 0.2 0.9 1.4 6.0 0.5 7.6 9.3 5.4 3.8 5.4 52.0 0.0 9.8
NAP11t-S18 2.6 0.2 1.2 1.2 4.2 2.8 7.5 12.1 8.9 3.7 1.9 53.5 0.0 5.4
NAP11t-S19 29.5 2.0 13.1 14.4 6.7 2.2 10.3 6.7 5.8 4.9 2.7 54.7 0.0 5.8
NAP11t-S20 18.1 4.1 8.9 5.1 0.9 2.8 10.1 6.3 1.6 8.5 20.4 25.8 0.0 23.6
NAP11t-S21 21.8 3.0 12.8 6.0 1.0 2.6 7.4 11.3 1.0 2.9 16.4 27.7 0.0 29.9
NAP11t-S22 15.6 1.9 9.3 4.4 3.3 1.8 15.7 22.1 2.1 1.5 12.7 21.0 0.0 19.7
NAP11t-S23 10.1 0.8 7.0 2.3 8.2 1.3 30.3 9.8 2.0 0.7 7.2 20.4 0.0 20.2
NAP11t-S24 24.0 2.5 17.6 3.9 3.8 1.0 35.1 11.1 0.3 0.8 8.8 22.7 0.0 16.4
NAP11t-S25 15.7 1.6 10.7 3.4 9.6 0.8 19.0 16.3 3.3 0.3 8.0 20.7 0.0 22.
NAP11t-S26 29.1 2.7 18.5 7.9 7.9 1.9 33.0 16.5 1.7 0.2 9.1 17.3 0.0 12.4

15242

http://www.biogeosciences-discuss.net
http://www.biogeosciences-discuss.net/11/15215/2014/bgd-11-15215-2014-print.pdf
http://www.biogeosciences-discuss.net/11/15215/2014/bgd-11-15215-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/


BGD
11, 15215–15250, 2014

Diatom flux reflects
water-mass
conditions

J. Onodera et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Table A1b. Continued.
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Deep Trap

NAP10t-D01 0.6 0.0 0.4 0.1 1.6 6.5 8.1 29.0 0.0 3.2 14.5 7.3 13.0 16.8
NAP10t-D02 1.0 0.2 0.5 0.3 10.2 4.6 15.7 12.0 6.5 7.4 10.2 22.2 0.0 11.1
NAP10t-D03 11.3 1.4 4.4 5.6 3.8 1.4 10.4 9.0 8.5 11.3 7.5 37.5 0.0 10.6
NAP10t-D04 11.8 1.7 5.1 5.0 10.4 1.7 2.3 10.4 11.0 10.4 3.0 40.2 0.0 10.7
NAP10t-D05 29.8 2.4 12.8 14.6 25.4 2.7 4.0 9.8 6.3 7.6 1.3 38.4 0.0 4.5
NAP10t-D06 22.1 2.1 10.0 10.0 17.3 1.1 7.3 5.6 5.0 8.9 1.1 42.5 0.0 11.2
NAP10t-D07 11.6 1.3 4.7 5.6 14.2 2.3 11.9 3.4 6.8 11.3 1.7 41.6 0.0 6.8
NAP10t-D08 12.7 0.8 6.0 5.9 38.1 0.5 9.4 5.0 5.4 3.5 2.5 30.9 0.0 4.7
NAP10t-D09 14.1 0.6 8.8 4.7 41.9 1.4 11.6 5.4 1.8 2.5 1.8 31.2 0.0 2.3
NAP10t-D10 9.4 0.7 5.2 3.5 29.7 0.0 6.9 5.0 5.9 3.2 1.8 43.5 0.0 3.9
NAP10t-D11 5.2 0.4 3.2 1.5 26.0 1.3 10.0 4.3 5.2 2.6 4.3 40.9 0.0 5.4
NAP10t-D12 16.9 1.4 10.7 4.8 29.8 1.6 7.4 5.8 4.9 2.9 1.6 42.4 0.0 3.6
NAP10t-D13 10.4 0.9 6.0 3.5 30.4 0.0 13.2 9.1 3.2 4.5 1.8 36.5 0.0 1.4
NAP10t-D14 14.3 1.7 7.9 4.8 19.6 0.8 10.2 3.7 11.8 2.0 1.2 40.0 0.4 10.2
NAP10t-D15 4.6 0.7 2.5 1.4 5.8 0.4 15.7 5.4 13.5 4.0 3.6 37.5 0.4 13.5
NAP10t-D16 5.6 1.0 2.4 2.3 9.8 2.3 6.6 7.0 10.8 11.7 6.1 33.5 0.0 12.2
NAP10t-D17 7.3 1.2 3.2 2.9 14.8 0.4 6.3 9.4 8.5 14.3 11.2 22.6 0.0 12.5
NAP10t-D18 7.2 1.1 3.3 2.9 14.9 1.4 8.1 11.3 9.5 13.5 4.5 30.2 0.0 6.8
NAP10t-D19 2.8 0.5 1.2 1.2 21.8 0.0 9.5 9.5 12.3 6.6 5.7 24.2 0.0 10.4
NAP10t-D20 2.2 0.1 1.1 1.0 7.8 1.3 1.3 9.2 6.5 2.6 1.3 62.1 0.0 7.8
NAP10t-D21 8.2 1.0 4.7 2.5 8.6 0.0 5.1 7.1 6.3 9.0 5.1 52.1 0.0 6.7
NAP10t-D22 11.5 2.0 5.8 3.7 7.6 0.8 6.0 6.4 9.2 13.5 5.2 40.6 0.0 10.8
NAP10t-D23 37.2 19.8 8.4 9.0 1.9 0.6 6.4 6.1 56.6 8.9 6.7 8.2 0.0 4.7
NAP10t-D24 65.2 49.9 5.9 9.4 0.6 0.0 1.7 2.5 75.9 12.9 0.6 2.5 0.0 3.4
NAP10t-D25 32.9 20.6 6.9 5.3 1.8 0.3 7.4 2.9 62.5 11.1 3.4 5.1 0.0 5.5
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Table A1b. Continued.
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Diatom Valve Flux (×105 Relative Valve Abundance without Chatoceros Resting Spores in

valves m−2 d−1) Total Diatoms (%)
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%
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NAP10t-D26 – – – – – – – – – – – – – –
NAP11t-D01 4.6 2.6 1.2 0.8 2.9 0.9 2.0 8.8 53.4 12.0 2.9 9.8 0.6 6.7
NAP11t-D02 6.7 4.0 1.3 1.4 1.0 2.9 4.5 5.8 64.8 8.7 4.8 6.1 0.0 1.3
NAP11t-D03 7.8 3.6 2.3 1.9 3.0 2.0 4.0 10.9 50.4 9.2 5.3 11.2 0.0 4.1
NAP11t-D04 22.8 6.0 7.4 9.5 21.7 5.1 2.4 6.1 36.9 7.1 0.7 14.4 0.0 5.8
NAP11t-D05 37.4 6.0 15.2 16.2 38.3 4.8 10.9 6.4 24.3 2.9 0.6 11.2 0.0 0.6
NAP11t-D06 31.9 3.7 14.2 14.0 39.3 3.8 4.9 7.2 15.5 4.2 1.1 21.7 0.0 2.3
NAP11t-D07 9.7 2.3 3.9 3.5 18.4 2.8 5.3 10.0 29.0 5.9 1.6 21.8 0.0 5.3
NAP11t-D08 15.0 1.9 8.7 4.4 43.8 4.2 1.3 6.4 13.1 3.8 1.6 21.4 0.0 4.5
NAP11t-D09 – – – – – – – – – – – – – –
NAP11t-D10 – – – – – – – – – – – – – –
NAP11t-D11 – – – – – – – – – – – – – –
NAP11t-D12 3.7 0.6 2.1 1.1 31.6 6.4 3.6 7.2 15.2 4.8 0.4 27.0 0.0 3.8
NAP11t-D13 2.0 0.4 1.1 0.6 32.6 6.9 6.2 5.9 19.9 6.2 0.3 18.1 0.7 3.3
NAP11t-D14 2.1 0.4 1.0 0.7 31.4 5.5 8.3 5.9 16.9 8.6 0.7 16.2 0.7 5.7
NAP11t-D15 – – – – – – – – – – – – – –
NAP11t-D16 – – – – – – – – – – – – – –
NAP11t-D17 – – – – – – – – – – – – – –
NAP11t-D18 – – – – – – – – – – – – – –
NAP11t-D19 – – – – – – – – – – – – – –
NAP11t-D20 – – – – – – – – – – – – – –
NAP11t-D21 – – – – – – – – – – – – – –
NAP11t-D22 – – – – – – – – – – – – – –
NAP11t-D23 – – – – – – – – – – – – – –
NAP11t-D24 – – – – – – – – – – – – – –
NAP11t-D25 – – – – – – – – – – – – – –
NAP11t-D26 – – – – – – – – – – – – – –
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Figure 1. Bathymetric map around Station NAP (solid black circle at 75◦ N, 162◦ W) in the
western Arctic Ocean, and schematic of sea-surface circulation over the Chukchi Sea shelf and
in the southern Canada Basin (Danielson et al., 2011). NR, Northwind Ridge; NAP, Northwind
Abyssal Plain; CP, Chukchi Plateau; CS, Chukchi Spur; CAP, Chukchi Abyssal Plain; AMR,
Alpha-Mendeleev Ridge complex.
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Figure 2. Time-series data at Station NAP from 1 October 2010 through 18 September 2012.
(a) Climate Forecast System Reanalysis (CFSR) reanalysis data of shortwave radiation, (b)
CFSR reanalysis data of sea-ice concentration, (c) depth log of moored shallow trap, (d) water
temperature recorded at moored shallow trap (black line), and NOAA OI.v2 weekly sea-surface
temperature at Station NAP (gray line), (e) total mass flux and bulk components of sinking
particles at shallow trap depth (data period was expanded from Watanabe et al., 2014), and (f)
total mass flux and bulk components at deep trap depth. Blank areas in bulk component data
indicate no analysis because of limited sample volume.
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Figure 3. Total diatom flux and settling diatom assemblage at Station NAP from 4 October 2010
through 17 September 2012. (a) Sinking diatom flux at shallow trap, (b) sinking diatom flux at
deep trap, (c) relative diatom valve abundance excluding Chaetoceros spores at shallow trap,
and (d) relative diatom valve abundance excluding Chaetoceros spores at deep trap. Blanks
in time-series data indicate periods with no data because of limited sample volume or periods
without sampling because of mooring turnaround. The plot data is listed in Table A1.
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Figure 4. Time-series fluxes of total POC and diatom-derived carbon at Station NAP. (a) Shal-
low trap, and (b) deep trap.
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Figure 5. Sea surface height (cm) in the western Arctic Ocean obtained from the COCO model.
The summertime averages over June, July, and August are shown for (a) 2011 and (b) 2012.
Black contours trace isobaths of 100, 1000, and 3000 m. The white contours indicate a sea
surface height of zero. The purple line corresponds to 75◦ N, used for modeled current direction
in Fig. 6. Red dots show the location of Station NAP. Purple dots represent the east and west
limits of the horizontal section in Fig. 6.
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Figure 6. Modeled ocean current direction averaged from the surface to 100 m depth across
an east–west section along 75◦ N (see purple line in Fig. 5). The vertical axis represents an
inter-annual time-series from 2008 to 2012. Blue (red) color indicates a northwestward (south-
westward) ocean current.
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