https://doi.org/10.3354/meps14397

Vol. 720: 95-116, 2023 MARINE ECOLOGY PROGRESS SERIES

Mar Ecol Prog Ser Published October 5

R ©P
Infaunal community structure, diversity, and
function in Pacific-Arctic sheli sediments:

a comparison of meiofaunal- and
macrofaunal-sized nematodes

Brittany R. Charrier!*, Jeroen Ingels?, Seth L. Danielson!, Sarah L. Mincks!

lCollege of Fisheries and Ocean Sciences, University of Alaska Fairbanks, Fairbanks, AK 99775, USA
2Coastal and Marine Laboratory, Florida State University, St Teresa, FL 32358, USA

ABSTRACT: Meiofauna, and nematodes in particular, perform essential roles in benthic ecosys-
tems and serve as bioindicators of disturbance and environmental change. In the Pacific Arctic, a
region experiencing rapid environmental change, this component of the fauna has received little
attention, and the role of meiofauna in ecosystem processes is poorly understood. We collected
multi-core samples at 10 stations in the northern Bering and southern Chukchi Seas in June 2018
and characterized the sedimentary environment. We also assessed meiofauna community struc-
ture and abundance at higher taxonomic levels and evaluated genus-level nematode composition
in meiofaunal (63-500 pm) and macrofaunal (>500 pm) size fractions. Nematodes were classified
by feeding type and life-history strategies. Total meiofauna abundance and biomass varied
greatly, with 1449-12875 ind. 10 cm™2 and 373-2325 pg dry weight 10 cm™ for the upper 5 cm of
sediment. Estimated production of meiofaunal-sized nematodes was 5-28 g C m~2 yr™*. Four dis-
tinct communities of meiofaunal-sized nematodes were identified in different sub-regions reflect-
ing food availability and substrate type. The meiofaunal- and macrofaunal-sized nematodes rep-
resented 2 distinct communities. The unique taxonomic composition and large standing stock of
the macrofaunal-sized nematodes (22 + 15 % of total nematode biomass) suggest they are critical
components of the infauna and merit further research to assess their role in critical ecosystem
functions. This study provides the first genus-level characterization of nematodes and some of the
first measurements of meiofauna standing stock in the region, contributing important data for
assessing ecosystem function in a rapidly changing Arctic.

KEY WORDS: Nematoda - Meiofauna - Macrofauna - Functional traits - Trophic diversity -
Pacific Arctic

1. INTRODUCTION

Meiofauna play critical roles in ecosystem func-
tioning (reviewed by Schratzberger & Ingels 2018),
including carbon and nutrient cycling (Coull 1999,
Rysgaard et al. 2000, Bonaglia et al. 2014), linking
microbial and upper-trophic levels of the food web
(Gee 1989, Coull 1990, Kennedy 1994), and serving
as bioindicators of environmental change (Ridall &

*Corresponding author: brjones8@alaska.edu

Ingels 2021). Tight pelagic-benthic coupling on Arc-
tic shelves supplies substantial inputs of phytodetri-
tus to the benthos (Grebmeier & McRoy 1989, Greb-
meier & Barry 1991) and has been correlated with
abundant meiofauna communities (Gérska et al. 2014).
Important sources of organic matter (OM) include
phytoplankton, ice algae, other sources of ice-derived
OM such as bacteria and meiofauna (North et al.
2014, Makela et al. 2018, Gradinger & Bluhm 2020),
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and terrestrial material delivered via riverine input
and coastal erosion (Belicka & Harvey 2009, Bell et
al. 2016, Zinkann et al. 2021). This tight pelagic—
benthic coupling also sustains high macrofaunal bio-
mass on the Pacific-Arctic shelf (Grebmeier et al.
2015). However, the meiobenthos remains poorly stud-
ied and has been identified as a critical data gap in
the region (Nelson et al. 2014, Lovvorn et al. 2016).

Only a handful of meiofaunal studies have been
conducted in the Pacific Arctic. One study quantified
the abundance and distribution of meiofauna in the
Chukchi Sea (Lin et al. 2014) but only identified
specimens to higher taxonomic levels (e.g. phylum
and class). Community composition and functional
diversity of nematodes were not resolved further,
even though nematodes accounted for 96.6 % of total
meiofaunal abundance in the shallow shelf region.
Meiofaunal abundance and biomass were quantified
in the northeast Chukchi Sea (Hajduk 2015), and
nematode community structure and function were
assessed (Mincks et al. 2021). High variability in
meiofaunal community structure and biomass was
detected, driven by spatial and temporal environ-
mental heterogeneity. These earlier studies pointed
to a need to further explore functional diversity in the
meiofauna, particularly in the context of rapid envi-
ronmental change manifesting as unprecedented high
temperatures and low sea-ice persistence (Grebmeier
et al. 2018, Baker et al. 2020b, Huntington et al.
2020). A comprehensive assessment of regional pat-
terns in the structure and function of benthic commu-
nities is essential to assess how benthos will respond to
continuing changes in distinct Arctic marine settings.

Nematodes are generally the most abundant meta-
zoan meiofaunal taxon in marine sediments. Func-
tional traits are reasonably well described for nema-
tode genera, especially feeding types and life-history
strategies, which makes these traits easily compara-
ble among studies (Wieser 1953, Bongers et al. 1991).
Consequently, nematode communities are valuable
in assessing ecosystem function (Yeates et al. 2009,
Schratzberger & Ingels 2018) and provide insights
into ecological and biogeochemical processes occur-
ring in the benthic ecosystem, such as food availabil-
ity, hydrodynamic conditions, and sediment biogeo-
chemistry (e.g. Ingels et al. 2011b, Gunton et al. 2017,
Roman et al. 2018).

While nematodes are well known to reflect en-
vironmental conditions and ecosystem processes,
macrofaunal-sized nematodes are often ignored in
infaunal studies. Standardized sieve sizes opera-
tionally define meiofauna as individuals that pass
through an upper mesh of 300-1000 pm and are

retained on a lower 32-63 pm mesh (Giere 2009).
The separation between these size fractions aligns
with a trough in the bimodal size distribution of ben-
thic infaunal metazoans, which corresponds to a shift
in optimum life-history strategy from small meiofau-
nal organisms living interstitially within the sediment
to large macrofaunal organisms capable of actively
manipulating the sediment matrix (Warwick 1984).
Thus, macrofaunal-sized nematodes are commonly
excluded from meiofaunal studies due to their large
size and ignored in macrofaunal studies because
they are not considered macrofaunal taxa sensu
stricto and require meiofaunal taxonomic expertise.
However, these larger nematodes exhibit distinct
assemblage structure and functional diversity rela-
tive to meiofaunal nematodes (Sharma et al. 2011,
Baldrighi & Manini 2015) and can contribute sub-
stantially to macrofaunal abundance (Baldrighi &
Manini 2015, Gunton et al. 2017).

Our overall goal was to improve understanding of
benthic community structure and function on the
Pacific-Arctic shelf by examining the little-studied
meiofauna, with a primary focus on nematodes. We
explored broad spatial patterns in total abundance
and composition of meiofaunal communities in the
context of environmental settings on the northern
Bering and southern Chukchi Sea shelves. We then
conducted a more detailed taxonomic and func-
tional-group characterization of the meiofaunal- and
macrofaunal-sized nematodes in surface sediments,
including estimation of biomass, and tested relation-
ships to environmental variables.

Previous analyses of macrofaunal and microbial
communities in the same study area identified 4 dis-
tinct eco-regions (Charrier et al. 2023, Walker et al.
2023). Horizontal current speed was a key driver of
these spatial patterns in the environment, with grain-
size characteristics and OM deposition—the domi-
nant influences on infaunal community structure in
general —largely influenced by these currents. With
relatively high OM levels across this shelf study area,
we hypothesized that the meiofaunal community as a
whole would show limited spatial variation, whereas
nematode assemblages would reflect these 4 distinct
hydrographic settings ranging from strong lateral
advection (sandy, high current) to more quiescent
depositional (muddy, low current) settings. Our sam-
pling strategy was not designed to detect small-scale
differences or heterogeneity, which we know exist
in meiobenthos and nematode community patterns
(Fonseca et al. 2010, Ingels & Vanreusel 2013); in-
stead, detecting regional differences in faunal as-
semblages in conjunction with environmental con-
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trasts was the objective. We also expected that taxo-
nomic composition of the meio- and macrofaunal
nematodes would be significantly different from
each other, given that relatively few nematode gen-
era have adult sizes that are large enough to belong
to the macrofaunal size class, and macrofaunal nem-
atode community composition has been found to be
more similar between ocean basins than between
meiofaunal- and macrofaunal-sized nematodes within
a study area (Sharma et al. 2011). In addition, as
macrofaunal-sized nematodes can comprise substan-
tially more biomass per individual than meiofaunal-
sized nematodes (Sharma et al. 2011), we wanted to
assess the contribution of macrofaunal-sized nema-
todes to total macrofaunal standing stock and de-
termine the role of this neglected group in benthic
ecosystem function in shelf sediments. This study
provides the first genus-level characterization and
biomass estimates of nematodes in this region and
highlights the need to conduct more detailed studies
on the ecological roles of these taxa that will enhance
investigations into climate change consequences in
the Arctic.

2. MATERIALS AND METHODS
2.1. Study area and sampling

Samples were collected from the northern Bering
and southern Chukchi Seas in June 2018 from the RV
‘Sikuliaq’ as part of the Arctic Shelf Growth, Advec-
tion, Respiration, and Deposition (ASGARD) project
(Table 1, Fig. 1) that was funded under the umbrella
of the Arctic Integrated Ecosystem Research Pro-
gram (Arctic IERP; https://www.nprb.org/arctic-pro-
gram; Baker et al. 2020a, 2023). This shallow shelf
area is seasonally ice-covered and influenced by
water masses with contrasting nutrient, tempera-
ture, and salinity characteristics. Cold, nutrient-rich
Bering Shelf-Anadyr Water (BSAW) experiences mix-
ing throughout the water column as currents acceler-
ate through the Bering Strait constriction, which dis-
tributes nutrients that support high annual primary
productivity in the region (Walsh et al. 1989, Daniel-
son et al. 2017). As the BSAW fans out over the Chuk-
chi Sea shelf, the current speed declines, resulting in
elevated deposition rates of suspended particulate
material to the seafloor (Grebmeier et al. 2015). In
contrast, the warm, nutrient-poor Alaskan Coastal
Water is generally located to the east and character-
ized by lower productivity and high terrestrial input
(Danielson et al. 2017).

Table 1. Meiofauna metrics for each station sampled in 2018, including cluster group; sampling location; water depth (m); abundance (ind. 10 cm~?) and biomass (1g

DW 10 cm‘z] of total meiofauna and meio- and macrofaunal-sized nematodes in the upper 5 cm of sediment; and abundance (ind. 10 cm‘z), wet weight, dry weight,

carbon weight (pg 10 cm?), and average individual size (ng DW ind.™}) of meio- and macrofaunal-sized nematodes in the upper 1 cm of sediment. Groups are based

on hierarchical agglomerative clustering and similarity profile test (SIMPROF; Fig. 3). DW: dry weight; WW: wet weight
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Fig. 1. Ten sampling locations in the northern Bering and southern Chukchi Seas in 2018. Symbols based on hierarchical ag-

glomerative clustering of 63-500 pm nematode communities from Fig. 3. Group A = yellow diamonds; Group B = blue square;

Group C = red inverted triangles; Group D = black triangles. Northward-moving currents include the Bering Shelf-Anadyr
Water (solid grey lines) and the Alaska Coastal Water (dotted grey line)

Intact sediment cores with undisturbed surfaces
were retrieved from 10 stations using an MC-800
multi-corer with 10 cm internal diameter tubes
(Ocean Instruments). Sampling stations ranged from
39 to 58 m water depth (Table 1). One core from each
station was selected for meiofauna sampling due to
logistical and funding constraints on fieldwork and
sample processing. Although small-scale spatial het-
erogeneity of the meiofaunal community cannot be
assessed with this design, our efforts were focused on
obtaining greater regional coverage to assess large-
scale spatial variability. This sampling design does,
however, have limitations with respect to assessing
variability across all spatial scales, particularly with
most of the region still markedly under-sampled. The
cores were sectioned into 1 cm depth intervals down
to 5 cm and preserved in 10 % buffered formalin.

2.2. Meiofauna analysis

Meiofauna were separated from the preserved
sediment samples using a decantation method (Creer
et al. 2010), which has been used in other Arctic
meiofaunal studies (Mincks et al. 2021). Samples
were washed over a 63 pm sieve, transferred to 70 %

isopropanol, and stained with Rose Bengal. Prior to
sorting, an upper sieve with a 500 pm mesh size was
used to separate macrofaunal- (>500 pm) from meio-
faunal-sized (63-500 pm) specimens. The lower
sieve size of 63 pm is consistent with studies of shal-
low water and other habitats (Grove et al. 2006,
Sajan et al. 2010), previous work in the nearby north-
east Chukchi and Beaufort Seas (Mincks et al. 2021),
and reference works on specific meiofauna methods
(cf. Somerfield & Warwick 1996, 2013, Giere 2009).
For the macrofaunal size fraction, all nematodes were
counted for each sediment depth (0-5 cm), and the
first 120 nematodes were picked from the surface
layer only (0-1 cm) for further taxonomic identifica-
tion and biomass estimation. All nematodes were
identified if there were fewer than 120 individuals.
The 63-500 pm samples were split using a Wet
Sample Divider (WSD-10, McLane Research Labora-
tories), and 10% of each sediment layer was pro-
cessed for abundance of metazoan meiofauna identi-
fied to higher taxonomic levels (i.e. phylum, class;
Higgins & Theil 1988, Giere 2009). As with the larger
size fraction, nematode taxonomy was examined only
for surface sediment layers (0-1 cm), with 100-150
nematodes randomly selected for genus-level identi-
fication and biomass estimation using a random num-
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ber table and a gridded petri dish. This number of
individuals generally reflects the composition of the
whole nematode community (Soetaert & Heip 1990),
allowing for greater efficiency in taxonomic analysis.

The selected meiofaunal- (N = 1124) and macro-
faunal-sized (N = 483) nematodes were transferred to
anhydrous glycerin using a glycerol-isopropanol—
water solution and evaporated overnight in a drying
oven at 50°C (Seinhorst 1959). Nematodes were then
mounted on glass slides and identified to genus
under a compound microscope using pictorial keys
(Platt & Warwick 1988) and the Nemys database
(Bezerra et al. 2021). Genus-level identification is
sufficient in detecting ecological patterns (Somer-
field & Clarke 1995), which was the primary goal of
this study. Specimens that could not be identified to
genus level were assigned to family.

Length and width of each mounted nematode were
measured using a compound microscope and imag-
ing software. Nematode wet weight (j1g) was calcu-
lated using the equation (L x W2)/(1.5 x 10°), where L
is length (pm), and W is the maximum body diameter
(nm). This equation is adapted from Andrassy (1956),
assuming a specific gravity of 1.13 g cm™ for marine
nematodes (Ingels et al. 2013, Pape et al. 2013). Wet
weight was converted to dry weight using a dry-to-
wet weight ratio of 0.25 (Heip et al. 1985) and to car-
bon weight using a carbon-to-wet weight ratio of
0.124 (Jensen 1984).

Nematode functional traits were characterized in
terms of feeding type and life-history strategy. The
feeding type of each nematode was assigned based
on buccal cavity morphology as classified by Wieser
(1953): selective deposit feeders (1A), non-selective
deposit feeders (1B), epistratum feeders (2A), and
predators/scavengers or omnivores (2B). Each nema-
tode was also assigned a life-history strategy based
on c—p scores on a scale ranging from 1 (colonizers
with short generation times and rapid reproductive
rates) to 5 (persisters with long generation times and
slow reproductive rates), based on Bongers (1990)
and Bongers et al. (1991, 1995).

2.3. Environmental variables

Bottom-water temperature (°C) and salinity (practi-
cal salinity scale) data were collected using the Sea-
Bird 9/11 CTD system onboard RV ‘Sikuliaq’, cali-
brated by the manufacturer, manually screened for
spikes and other errors, and averaged into 1-decibar
bins. Calibrated Sea-Bird CTD temperature and
salinity sensor data are typically better than +0.01 in

accuracy and +0.001 in precision. Average near-
bottom water temperature of sampling stations was
1.15 + 0.93°C (ranging from —0.6 to 2.4°C), and aver-
age near-bottom water salinity was 32.5 + 0.3 (rang-
ing from 31.9 to 33.0).

Sediment cores were collected from multi-core de-
ployments at each station to analyze sediment grain-
size characteristics (N = 1 core) and OM content (N =
3 cores; except at DBO2.4, N = 2 cores). Briefly, grain
size analysis was conducted using a subsample of the
upper 5 cm of sediment. Samples were suspended in
dispersant and then separated into size fractions using
a combination of wet and dry sieving. The <63 pm
(silt/clay) fraction was treated with 30% hydrogen
peroxide to remove OM prior to final weighing.
Mean phi was calculated with the ‘Grain Size Distri-
bution and Statistics’ (GRADISTAT v.8.0) package
(Blott & Pye 2001, Blott 2010). Percent silt/clay, per-
cent sand, and porosity (water content:total sedi-
ment wet weight) were included in data analysis.
See Charrier et al. (2023) for further details.

OM was measured as chloropigment content, total
organic carbon (TOC), total nitrogen (TN), and car-
bon to nitrogen (C:N) ratio. Stable carbon isotope sig-
natures were also measured as an indication of car-
bon source. For these analyses, cores were sectioned
in 0-1, 1-2, 2-3, 3-4, 4-5, 5-7, and 7-10 cm layers.
Chloropigments were extracted in 100% acetone
and analyzed as in Charrier et al. (2023) using a TD-
700 fluorometer (Turner Designs). Fluorescence was
converted to concentration units based on a standard
curve (adapted from Arar & Collins 1997) produced
using a chlorophyll a (chl a) standard (spinach extract
C5753, Sigma-Aldrich). Each sediment sample was
extracted twice, and the amount of chlorophyll yielded
from each extraction was summed. Sediment chloro-
phyll parameters measured included chl a, phaeopig-
ment (phaeo), and chloroplastic pigment equivalent
(CPE; chl a + phaeo) inventories (ng cm™2), and chl a:
phaeo ratio.

Stable carbon isotope signatures (3'3C), TOC (mg
cm™?), and TN (mg cm™2) were analyzed at the Alaska
Stable Isotope Facility at the University of Alaska
Fairbanks Water & Environmental Research Center.
Stable isotope data were obtained by continuous-
flow isotope ratio mass spectrometry, utilizing a
Thermo Scientific Flash 2000 elemental analyzer and
Thermo Scientific Conflo IV interfaced with a Thermo
Scientific DeltaV Plus Mass Spectrometer. Stable iso-
tope ratios were reported in & notation as parts per
thousand (%.) deviation from the international stan-
dard Vienna Pee Dee belemnite (carbon). Typically,
instrument precision is <0.2 %o.
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The Pan-Arctic Regional Ocean Modeling System
(PAROMS) 3-D sea ice and ocean circulation model
was used to hindcast ocean current speed. PAROMS
is configured with a horizontal resolution of about
5 km in our study region and 50 layers vertically
through the water column. For complete model de-
scriptions and data-model comparisons, see Cur-
chitser et al. (2018) and Danielson et al. (2020). Based
on a PAROMS hindcast integration of the year 2011,
we computed summary statistics of the ocean current
flow field across the study region: the mean and stan-
dard deviation of the instantaneous current speeds
(m s7') over the upper 50 m of the water column (or to
the seafloor where shallower) based on hourly snap-
shots of the flow field.

2.4. Data analysis

Multivariate analyses of community structure were
conducted in PRIMER v7 (Clarke & Gorley 2015)
with the PERMANOVA+ add-on (Anderson et al.
2008). Bray-Curtis similarity matrices were calcu-
lated on log(x + 1) transformed data and displayed on
non-metric multi-dimensional scaling (nMDS) plots
to visualize similarities among samples. Samples
with similar taxonomic composition were identified
using hierarchical agglomerative clustering with
group-average linking. A similarity profile (SIM-
PROF) procedure was used to delineate statistically
significant groupings. Similarity percentage (SIM-
PER) analyses were conducted to identify genera
contributing most to similarities within and dissimi-
larities between station groupings.

Relationships between meiofaunal-sized nematode
community structure, environmental variables, and
surface layer sediment variables were examined
using a distance-based linear model (DistLM) with
a stepwise selection criterion based on adjusted R?,
followed by distance-based redundancy analysis
(dbRDA). After examining histograms, current speed
was log-transformed. All environmental data were
normalized. Variables were removed prior to the
analysis due to multicollinearity determined by Pear-
son's correlation coefficients (>0.8), including mean
phi, percent sand, porosity, chl a, TOC, and C:N.
Variables allowed in model selection included depth,
temperature, salinity, current speed, percent silt/clay,
and surface sediment layer CPE, chl a:phaeo, phaeo,
TN, and 8'3C.

The RELATE routine was used to calculate a Spear-
man rank correlation coefficient between the Bray-
Curtis similarity matrices for meiofaunal- and macro-

faunal-sized nematode communities. Similarity matri-
ces were constructed using log(x + 1)-transformed
relative abundance data, because the abundances of
the 2 size fractions differed by orders of magnitude.
Analysis of similarities (ANOSIM) was performed to
test for differences in community composition be-
tween the 2 size fractions.

Univariate descriptors of nematode diversity were
calculated in PRIMER. Hill's numbers (H,, H;, H,,
and H..; Hill 1973, Heip et al. 1998), Pielou's evenness
(J"), Shannon-Wiener diversity index (H'), and ex-
pected number of genera for 51 individuals (EG(51))
were calculated. The trophic diversity index (TDI)
was calculated as the reciprocal of the trophic index

(Heip et al. 1998):
-1

o137 »

i=1

where q; is the proportion of feeding type i in the
assemblage, and n is the number of feeding types
(Ingels & Vanreusel 2013). The maturity index (MI)
was calculated as the sum of the products of the rela-
tive proportion of each genus and their c—p score
(Bongers 1990, Bongers et al. 1991, 1995):

n
MI = v, x p; 2)
i=1
where v; is the c—p score, and p; is the relative pro-
portion of genus iin the sample (Ingels & Vanreusel
2013).

3. RESULTS
3.1. Metazoan meiofauna

Total meiofaunal abundance (63-500 pm) was 1.7
to 8.9 times higher at the most northern station (CL3)
than at the other stations, due mainly to a large abun-
dance of small nematodes in the surface layer of sed-
iment (Table 1, Fig. 2; Table S1 in Supplement 1 at
www.int-res.com/articles/suppl/m720p095_suppl.
xlsx). Two offshore stations in the southeast Chukchi
Sea (DBO3.6 and DBO3.8) also had high meiofaunal
abundance (Table 1, Fig. 2). The lowest abundances
occurred at the stations immediately north of the
Bering Strait (CNL3 and CNLS5) and off the coast of
Point Hope (DBO3.3), which had high current speeds.

Nematodes were the most abundant taxon at all
stations and accounted for an average of 88 % of total
meiofaunal abundance (ranging from 49 % at DBO2.4
to 98% at DBO3.8; Fig. 2; Table S1). Nauplii (6 %)
were the second most abundant group, followed by
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Fig. 2. Meiofaunal abundance (ind. 10 cm~2) in the upper 5 cm of sediment at sampling locations on the northern Bering and
southern Chukchi Sea continental shelves in 2018

copepods (4 %), bivalves (0.6 %), kinorhynchs (0.4 %),
polychaetes (0.4 %), and ostracods (0.4%). Kino-
rhynchs were only found at the 4 coastal Chukchi
Sea stations (CL1, CL3, DBO3.3, and IL4), while
ostracods were only found at the 2 central Chukchi
Sea stations (DBO3.6 and DBO3.8). Nauplii abun-
dance at DBO2.4 was 4.8 to 1073 times higher than at
the other stations (Fig. 2; Table S1). Despite the dif-
ferences in composition between stations, no signifi-
cant spatial pattern was observed for higher-taxa
community structure of meiofauna (=

abundance patterns down the vertical sediment pro-
files also differed noticeably between the groups. In
Groups A and D, maximum abundance occurred at
the sediment surface and rapidly declined with
depth, whereas subsurface peaks in abundance were
observed for Groups B and C (Fig. 4). Consequently,
the surface (0-1 cm) abundance and average bio-
mass were highest in Groups A and D and low for
Groups B and C (Fig. 5). The very high average abun-
dance in Group D was heavily influenced by Station

0.98, p =0.22).

3.2. Meiofaunal-sized nematodes
(63-500 pm)

Nematode community composition
in the upper 1 cm of sediment signifi-
cantly differed among 4 groups of sta-
tions (SIMPROF p = 0.05). Group A in-
cluded stations south of the Bering
Strait (DBO 2.2 and 2.4); CNL 3 imme-
diately north of the Strait was distinct
and formed Group B; Group C was
composed of 3 southern Chukchi Sea
stations (CNL 5, DBO 3.6, and DBO 3.8);

2D Stress: 0.1

CNL 3
B GroupB

Group A
M Group B
WV Group C
A Group D

and Group D contained the coastal

Chukchi Sea stations (CL 1, CL 3, DBO
3.3, and IL 4; Figs. 1 & 3).

Although station groupings were
based on nematode composition in
the upper 1 cm of sediment, nematode

Fig. 3. Non-metric multi-dimensional scaling (nMDS) ordination for community
structure of meiofaunal-sized (63-500 pm) nematodes in surface (0-1 cm) sedi-
ments based on abundance data (ind. 10 cm~?). Ordination based on hierarchical
agglomerative clustering with group-averaged linkage on log(x + 1) transformed
data and Bray-Curtis similarity. Four significant station groupings, circled in
black or as a singleton station, are based on the similarity profile test
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Fig. 4. Abundance (ind. 10 cm™2) of nematodes (63-500 pm; black) and other meiofauna (gray) for each sediment depth and
group. Groups are based on hierarchical agglomerative clustering and a similarity profile test (SIMPROF; Fig. 3)

(Stn) CL3 (~7000 ind. 10 cm~2in the surface layer). This
group was also dominated by small-sized nematodes,
resulting in average biomass values similar to Group
A despite the substantial difference in abundance.

Within-group similarity in community structure
was driven not only by dominant taxa but also by less
abundant genera (Table 2, Fig. 6; Table S2). Some
genera were highly abundant across multiple station
groups. For instance, Daptonema was 1 of the top 2
most abundant genera in Groups A, B, and C (Table 2).
In Group C, genera that contributed most to within-
group similarity were Daptonema, Sabatieria, and
Paramonohystera (Table S2). Daptonema and Para-
monohystera also contributed to within-group simi-
larity in Group A, along with Neochromadora and
Oncholaimus. Within-group similarity in Group D was
mainly attributed to Paramonohystera, Terschellin-
gia, Tricoma, and Microlaimus. Group B only con-
tained 1 station, so a SIMPER analysis could not be
performed for this group.

The dominant feeding types in Groups A, B, and
C were non-selective deposit feeders (1B), e.g. the

Xyalidae family (including Daptonema and Para-
monohystera) and Sabatieria (Table 3). These non-
selective deposit feeders were particularly abundant
in Group C, accounting for nearly 80 % of total abun-
dance. On the other hand, the muddier coastal sites
of Group D were dominated by selective deposit
feeders (1A), including genera such as Halalaimus,
Tricoma, and Terschellingia. The relative abundance
of predators/scavengers (2B), e.g. Oncholaimus and
Viscosia, was generally low (<3%), except in
Group A, where almost 20 % of individuals fell in this
category. Group A exhibited the highest trophic
diversity, with individuals more evenly distributed
among feeding types (Table 3). Interestingly, taxo-
nomic diversity in Group A was comparable to the
other groups, demonstrating the importance of
assessing both taxonomic and functional diversity.
General opportunists (c—p score = 2) were domi-
nant in all groups (Table 3), particularly in Groups B
(66.3%; e.g. Sabatieria, Daptonema, Paramonohys-
tera) and C (80.7 %; e.g. Daptonema and Paramono-
hystera), which had the lowest maturity indices.
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Fig. 5. Average + SD meiofaunal- and macrofaunal-sized

nematode (a) abundance (ind. 10 cm™2) and (b) biomass (ug

DW 10 cm™?) in surface sediments (0—1 cm) for each group.

Groups are based on hierarchical agglomerative clustering
and a similarity profile test (Fig. 3)

Higher maturity indices in Groups A and D reflected
a relatively large number of persisters (>20%; c—p
score = 4), e.q. Halalaimus and Tricoma, compared to
Groups B and C (<7 %). Relative abundances of nem-
atode genera and functional traits for each station are
presented in Tables S3 & S4, respectively.

3.3. Environmental correlates of meiofaunal
nematode assemblages

The selected DistLM model for meiofaunal-sized
nematode communities in surface sediments ac-
counted for 96.97 % of total variation in community

structure and included 8'C, chl a:phaeo, current
speed, percent silt/clay, salinity, depth, TN, and phaeo
(Fig. 7; Table S5). Key environmental parameters are
summarized per group in Fig. 8, while environmental
data for each station are presented in Table S6.
Selection of 8'C, chl a:phaeo, and TN in the model
suggest the freshness of OM was an important corre-
late of nematode community structure in this region.
Some of the selected environmental predictors were
highly correlated (Pearson's correlation coefficients
>(0.8) with other parameters excluded from the analy-
sis. The parameter §'*C was correlated with C:N, chl a:
phaeo with chl @, TN with TOC, and percent silt/clay
with mean phi, percent sand, porosity, and TOC.

The first dbRDA axis was most positively correlated
with chl a:phaeo and negatively correlated with salin-
ity and depth. Groups C and D separated along this
axis, with higher chl a:phaeo, lower salinity, and mud-
dier sediments in Group D (Fig. 7). Groups A and B fell
between Groups C and D along the first axis, but with a
clear separation between Group A and the other groups
along the second axis, which was positively correlated
with 8'*C and negatively correlated with salinity and
TN. Group A was mainly distinguished by higher §!3C
values, sandier sediment, and lower TN. The third
axis was highly correlated with chl a:phaeo and cur-
rent speed, with Stns CNL3 and DBO3.3 distinguished
by high current speeds and chl a:phaeo.

3.4. Macrofaunal-sized nematodes (>500 pm)

Macrofaunal-sized nematodes contributed a small
amount to total nematode abundance in the upper
5 cm of sediment (1.6 + 1.2%; 16 to 110 ind. 10 cm™2),
but a considerable amount to total nematode biomass
(22 + 15 %; Fig. 5), ranging from 6 % at CL3 to 55% at
DBO3.3. Macrofaunal-sized nematode community
structure showed no significant spatial pattern (m =
1.7, p = 0.65; Fig. S1 in Supplement 2 at www.int-res.
com/articles/suppl/m720p095_supp2.pdf), so was not
used to assess spatial heterogeneity on a regional
scale or in terms of correlation to environmental char-
acteristics. Macrofaunal-sized nematode community
structure was distinct from that of the meiofaunal-
sized nematodes (ANOSIM R = 0.36, p = 0.0002; Fig. 9).
However, spatial patterns in taxonomic composition
between meiofaunal- and macrofaunal-sized nema-
todes were significantly related (RELATE test: rho =
0.37, p = 0.00995), indicating that while taxonomic
composition differed between the 2 assemblages,
relative differences in assemblages between stations
for each size class were comparable.


https://www.int-res.com/articles/suppl/m720p095_supp2.pdf
https://www.int-res.com/articles/suppl/m720p095_supp2.pdf
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Resemblance: S17 Bray-Curtis similarity

A. Daptonema
(1b, 2)

B. Neochromadora
(2a, 3)

C. Paramonohystera
(1b, 2)
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(1b, 2)

E. Terschellingia
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(1a, 4)
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Fig. 6. nMDS ordination for community structure of meiofaunal-sized (63-500 pm) nematodes in surface (0—1 cm) sediments

based on abundance data (ind. 10 cm™2). Ordination based on hierarchical agglomerative clustering with group-averaged

linkage on log(x + 1) transformed data and Bray-Curtis similarity. Four significant station groupings, circled in black or as a

singleton station, are based on the similarity profile test. Pie slices represent the abundance of nematode genera that were in

the top 3 guilds contributing to within-group similarity in at least 1 group based on similarity percentages procedure. Feeding
type and c-p score of genera in parentheses

The most abundant macrofaunal-sized nematode
genus at most stations was either Paramonohystera
or Sabatieria, except at Stns DBO2.2 (Cephalanti-
coma and Mesacanthion) and CL1 (Setosabatiera;
Table S7). Paramonohystera was generally dominant
at northern stations, while Sabatieria was dominant
at the southern Chukchi Sea stations and DBO2.4
(Table 2; Table S7).

Of the 67 genera recovered in the meiofaunal size
fraction, 45 were not found in the larger fraction,
including Neochromadora and Tricoma, which, along
with other abundant genera, contributed to dissimi-
larity between the 2 size fractions. Ten genera were
only found in the >500 pm size fraction, including
Ledovitia, Mesacanthion, Symplocostoma, and Tha-
lassoalaimus, and were mainly predators/scavengers
(2B) or had high c—p scores (3 or 4).

Trophic diversity of the macrofaunal nematodes
was lower than that of the meiofaunal nematode
assemblages at all stations except CNL5 (Table S4).
Nonetheless, as with the meiofaunal size fraction,
non-selective deposit feeders (1B) were the dominant
feeding type except at DBO2.2, where predators/
scavengers dominated (2B). Predators/scavengers
were also abundant north of the Bering Strait (CNL3
and CNL5) and at DBO3.3. At many sites, especially
in Group D, the maturity index was lower in the
macrofaunal size fraction than the smaller size frac-

tion (Table S4), attributed to the high relative abun-
dance of general opportunists (c—p score = 2), such as
Paramonohystera and Sabatieria. Stn DBO2.2 also
had a high abundance of c-p = 3 and 4.

4. DISCUSSION

This study is among the first meiobenthic studies in
the Pacific Arctic. The most northern portion of our
study area overlapped with that of Lin et al. (2014),
which presented meiofaunal (>32 pm) abundance
estimates (~1200 to 4900 ind. 10 cm™2) down to 10 cm
depth. These values were, on average, lower than
our estimates of ~1500 to 12000 ind. 10 cm™? for the
upper 5 cm, although variability among stations was
similarly high. These differences may be due to tem-
poral changes in meiofaunal standing stock during
the 8 yr between sampling events, seasonal differ-
ences (June sampling versus July to September sam-
pling), small-scale spatial variability, or regional dif-
ferences. Although nematodes accounted for 96.6 %
of total meiofauna abundance at shallow stations, the
taxonomic and functional diversity of nematodes was
not assessed in this earlier work (Lin et al. 2014).

Further north in the northeast Chukchi Sea, meio-
faunal abundance in surface sediments (0—1 cm) was
between ~90 and 1300 ind. 10 cm™2, with nematodes
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Table 3. Hill's numbers (H,, H;, H;, H.), Pielou's evenness (J'), Shannon-
Wiener diversity index (H'), expected number of genera for 51 individuals
(EG(51)), average trophic diversity (Heip et al. 1998), relative abundances of
each feeding type, average maturity index (Bongers 1990, Bongers et al. 1991),
and relative abundance of each c—p score for meiofaunal-sized (63-500 pm)
nematodes in surface sediments (0—1 cm) for each group. Groups are based on
hierarchical agglomerative clustering and similarity profile test (Fig. 3)

faunal nematodes, occupying differ-
ent regions of the study area associ-
ated with distinct local environmental
conditions. Our sampling strategy was
not designed to capture small-scale
variability, which very likely occurs
at each sampling location, and is de-

Group A Group B Group C Group D pendent on topographical variations
and other abiotic differences, ecologi-
Ho 26.5 31 12 26 cal interactions, and, in turn, the avail-
H, 15.0 16.9 5.0 15.5 bilit d lit f food
H, 103 9.9 34 101 abi 1 y and quality o oq sour.ces.
H., 5.1 4.0 2.1 4.5 Regional coverage of sampling stations
J' 0.83 0.82 0.62 0.84 was also limited, and further spatial
H 2.7 2.8 1.6 2.7 patterns may remain as-yet uncovered.
EG(1) 167 201 8.4 17.0 The 4 distinct meiofaunal nematode
Trophic diversity ~ 3.07 + 0.69 2.42 1.53+0.20 2.67+0.22 assemblages closely match the spatial
Feeding type distribution of polychaete and micro-
1A 15.3 12.9 3.3 43.2 i 1 poy :
1B 43.0 56.4 79.8 32.6 bial communities in the area (Charrier
2A 23.3 27.7 15.9 23.7 et al. 2023, Walker et al. 2023), sug-
2B 18.5 3.0 1.1 0.6 gesting these regional patterns are
Maturity index 2.61 +0.20 2.41 2.25+0.10 2.75x0.24 consistent over multiple components
C—p score of the infauna. Studies from other loca-
2 52.9 66.3 80.7 46.3 . B . .
3 26.2 26.7 16.0 220 tions ha.ve founq 5111111.611“ relationships
4 20.9 6.9 33 31.8 among infauna, in which components
of the meiofauna and macrofauna fol-

accounting for 80.6 to 88 % of meiofaunal abundance
(Hajduk 2015). We observed higher abundances (351
to 7322 ind. 10 cm™?) in the surface sediments. This
study used the same sieve sizes; however, other
methodological differences, including sample collec-
tion (multi-core versus van Veen grab) and extraction
method (decantation versus Ludox centrifugation),
may have influenced the differences in results.

4.1. Four spatially distinct assemblages of
meiofaunal nematodes

Our study provides the first genus-level character-
ization and biomass estimates of nematodes in the
northern Bering and southern Chukchi Seas. While
no significant spatial patterns were detected in meio-
fauna at the phylum/class level nor for the macrofau-
nal-sized nematodes, patterns emerged through
higher-resolution analysis of the meiofaunal-sized
nematodes identified to genus, demonstrating the
value of nematode studies for elucidating ecological
patterns. Previous studies have indeed shown that
patterns of ecological impact are robust at the spe-
cies and genus level but change at higher levels
of taxonomic aggregation (Somerfield & Clarke
1995). We observed 4 distinct communities of meio-

low similar spatial patterns, although
likely in response to different environmental factors
(Baldrighi & Manini 2015, Gunton et al. 2017). In our
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Fig. 7. Distance-based redundancy analysis (dbRDA) display-
ing the relationship between nematode (63-500 pm) com-
munity structure for the upper 1 cm of sediment and envi-
ronmental correlates. The first 2 axes accounted for 59.7 %
of total variation, while the entire model (see Table S5)
accounted for 96.97 % of total variation
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study region, the polychaetes were more strongly
correlated with total OM, while the meiofaunal
assemblages were more closely associated with OM
quality. Both were correlated with current speed and
silt/clay content. Thus, while functional responses to
abiotic conditions may differ among taxa in different
size components of the benthos, the resulting spatial
distinctions in assemblages that result from those
responses are comparable among size components.
Considering the consistency in spatial patterns
among these different benthic components, it is
interesting that while spatial patterns between meio-
and macrofaunal-sized nematode assemblages were
related (i.e. both communities ranked the pairwise
distances between sampling locations in a similar
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Fig. 8. Environmental parameters for each group, including

current speed (m s7!), percent silt/clay (%), chloroplastic

pigment equivalent (CPE, ng cm™2), chlorophyll a to phaeo-

pigment ratio (chl a:phaeo), total nitrogen (TN, mg cm™2),

C:N ratio, and §'*C for the upper 1 cm of sediment. Groups

are based on hierarchical agglomerative clustering and a
similarity profile test (Fig. 3)

way), the macrofaunal nematodes did not exhibit the
same significant spatial grouping pattern. The main
reason for this inconsistency may be found in the
functional composition of the macrofaunal nematode
assemblages, dominated to a great extent by non-
selective feeders, scavengers, and predators, and
taxa with opportunistic life histories (low c—p scores).
These larger taxa are characteristically less influ-
enced by variable environmental conditions com-
pared to meiofaunal nematode taxa. The meiofaunal
nematode assemblages exhibited greater levels of
niche selectivity (higher trophic diversity) and com-
prised taxa with more sensitive life histories (taxa
with higher c-p scores and, therefore, assemblages
with higher maturity index). These considerations
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Fig. 9. nMDS ordination of meiofaunal- and macrofaunal-sized nematode relative abundance in surface sediment (0-1 cm).

Ordination based on hierarchical agglomerative clustering with group-averaged linkage on log(x + 1) transformed relative

abundances and Bray-Curtis similarity. The 2 size fractions were significantly different (ANOSIM R = 0.36, p = 0.0002). Black
triangles are 63-500 pm samples, and gray asterisks are >500 pm samples

are discussed in more detail in Section 4.3. The
meiofaunal-sized nematode assemblages separated
into 4 distinct groups supported by correlative rela-
tionships with environmental conditions:

Group A comprised the Bering shelf stations
(DBO2.2 and DBO2.4) within the Chirikov Basin,
characterized by sandy sediment and low amounts of
labile OM. The Chirikov Basin experiences moderate
flow speeds, resulting in low sedimentation rates
(Grebmeier 1993, Lovvorn et al. 2020). Notably in
this group, the abundance of nauplii at DBO2.4 was
nearly 5 times higher than at any other station, sug-
gesting a recent recruitment event, potentially in
response to a pulse of OM following the retreat of the
sea-ice edge and subsequent spring bloom. The
nematode assemblage in Group A showed high
abundance, biomass, trophic diversity, and maturity
index, indicative of a diverse community supported
by a labile food source at the sediment surface or
associated with suspended material. The high matu-
rity index is a reflection in part of the high abun-
dance of more persistent predators/scavengers in the
assemblage (2B; e.g. Oncholaimus and Viscosia) in

both the meiofaunal (18%) and macrofaunal (~30-
55 %) size fractions, which are likely supported by
the high abundance of metazoan prey. However,
while these sites had high abundance and biomass of
relatively large-bodied taxa, most of the nematodes
were concentrated in the upper 1 cm of sediment,
and abundance declined rapidly with sediment
depth (Fig. 4). This rapid decline in abundance may
be due to low food availability below the surface
layer of sediment in this advective system, likely sup-
ported by suspended material (Charrier et al. 2023).
In food-poor environments, nematodes concentrate
in surface sediments where food availability is higher
(Lambshead et al. 1995, Gorska et al. 2014) or exhibit
a vertical migratory response to recent OM deposi-
tion to gain access to the newly deposited food. In the
northeast Chukchi and Beaufort Seas, these genera
and feeding types were also more abundant in sandy
sediments similar to Group A sites (Mincks et al.
2021), suggesting an effect of substrate type. Large-
bodied, motile nematodes are well adapted to move
through sandy sediments. This pattern further sug-
gests a generally food-limited habitat, where the fac-
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ultative feeding strategy of the 2B group and their
greater mobility are advantageous (Sharma & Bluhm
2010, Baldrighi & Manini 2015).

Group B comprised a single station (CNL3) imme-
diately north of the Bering Strait. CNL3 and the sta-
tion off the coast of Point Hope (DBO3.3; Group D)
were the only sites with gravel (0.9 and 32 %, respec-
tively). These stations may experience hydrodynamic
disturbance, such as scouring from strong currents,
particularly at DBO3.3 where currents accelerate as
they curve around Point Hope. Gravel may also indi-
cate deposition of ice-rafted debris or ice scouring,
which might occur at DBO3.3, where there was also
a high proportion of silt/clay particles (38%). Stn
CNL3 is influenced by the constriction of water
masses moving through the Bering Strait and the
deepening topography as the shallow Strait opens
onto the Chukchi shelf. Such disturbances usually
reduce meiofaunal abundance, as found in other
hydrodynamically active areas such as canyons (Gar-
cia et al. 2007, Ingels et al. 2013), and as observed
here.

The nematode community composition and func-
tional traits at CNL3 also indicate a disturbed envi-
ronment. CNL3 was dominated by non-selective de-
posit feeders (56 %) and general opportunists (c—p = 2),
including Sabatieria, Daptonema, and Paramono-
hystera. Sabatieria was the most abundant genus at
CNL3 (25%) and is often abundant in disturbed
areas, hydrodynamically active sites, or sediments
generally under stressed environmental conditions,
such as low oxygen concentration (Ingels et al.
2011a,b, Mincks et al. 2021). The location down-
stream of the Bering Strait constriction, high current
speeds, sandy and gravelly substrate, and the high
abundance of Sabatieria support the hypothesis of a
dynamic and disturbed environment at CNL3 due to
strong currents. This disturbance is further sup-
ported by the high dominance of relatively few fami-
lies of polychaetes, including the classic opportunist
Capitellidae family (Charrier et al. 2023).

In the northeast Chukchi Sea, Sabatieria (37.6 %)
was the most abundant genus in the upper 1 cm of
sediment, with the next 3 most abundant genera
being Daptonema (10.7 %), Cervonema (4.5%), and
Dorylaimoposis (3.7 %; Mincks et al. 2021). In our
study, Sabatieria was the most abundant meiofaunal-
sized nematode only in Group B, whereas Dap-
tonema was highly abundant in Groups A, B, and C.
Cervonema (CL1, CL3, IL4) and Dorylaimopsis (IL4)
were found only in Group D, which included the
northern coastal stations closest to the northeast
Chukchi Sea study area. The variability in nematode

genus composition suggests broader regional pat-
terns that extend beyond our study area and point to
the heterogeneous nature of Pacific-Arctic benthos.
Group C included 3 stations in the southern Chuk-
chi Sea (CNL5, DB0O3.8, and DB0O3.6), with muddy
sediment and low chloropigment content but high
TOC and TN. Overall, these stations receive large
inputs of OM (O'Daly et al. 2020, Feng et al. 2021),
which result in high biomass of deposit-feeding
macrofauna (Grebmeier et al. 2015) that may sub-
duct this material through feeding activity and bio-
turbation. The meiofaunal and nematode community
in Group C also reflects these large inputs of OM,
with high meiofaunal abundance in the upper 5 cm of
sediment, especially at DBO3.6 and DBO3.8, but also
with subsurface abundance maxima (1-2, 2-3 cm).
The nematode assemblages were dominated by non-
selective deposit feeders (80 %) and general oppor-
tunists (c-p = 2; 81 %), including members of the
Xyalidae family and Sabatieria, again pointing to an
environment that experiences sedimentary distur-
bance. In contrast to the high meiofaunal abundance
of small nematodes in Group C, total macrofaunal
abundance was low at these stations (Charrier et al.
2023). However, macrofaunal biomass was high and
dominated by a few species of large-bodied organ-
isms, particularly bivalves. These bivalves can easily
rework nutritious particles from the surface into sub-
surface sediment layers where nematodes may ag-
gregate to exploit the redistributed food sources.
Group D contained the 4 coastal Chukchi Sea sta-
tions, characterized by muddy sediment and low cur-
rent speeds (except at DBO3.3, see discussion of
Group B above) with high concentrations of TOC and
TN and a visible layer of recently deposited phyto-
detritus at the sediment surface at some sites. How-
ever, this region is influenced by the Alaska Coastal
Water, which is generally more nutrient-poor and
less productive (Danielson et al. 2017, O'Daly et al.
2020). High C:N ratios and low 8'3C values in sedi-
ments suggest that these relatively large sediment
OM pools are partly comprised of refractory terres-
trial material or advected particles, which enter the
benthic food web in this area (Feder et al. 2007, Iken
et al. 2010, Zinkann et al. 2021). This large amount of
OM supports high nematode abundance and biomass
in surface sediments, with total meiofaunal abundance
at least 1.7 times and up to nearly 9 times higher at
Stn CL3 than at other stations. The assemblage at CL3
also comprised the smallest individuals on average.
The high number of small nematodes at CL3 may
have been juveniles produced during a recent re-
cruitment event, perhaps in response to the spring
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bloom. The presence of juveniles, as opposed to
small adults, seems even more likely, considering
CL3 exhibited one of the highest MI values, suggest-
ing high numbers of larger, more persistent taxa. An
additional explanation, however, is the dominance of
Halalaimus at CL3 (>26 %), which are long but ex-
tremely thin nematodes with relatively low biomass.
Therefore, even a high abundance of Halalaimus
would not substantially increase the nematode bio-
mass at this station, further supporting the interpre-
tation of small or young individuals being present.
Although other stations had higher sediment chl a
and TOC values, a visible layer of phytodetritus was
observed in some sediment cores collected at CL3,
suggesting a recent depositional event. Food pulses
are important in regulating nematode size distribu-
tions as food inputs can stimulate reproduction (e.g.
Ingels et al. 2013). The Pacific Arctic is indeed char-
acterized by large pulses of OM input to the seafloor
associated with the release of ice algae during melt-
ing and a strong spring phytoplankton bloom (Leu et
al. 2015, Moore et al. 2018). Small organisms, such as
meiofauna, respond more rapidly to pulsed food
inputs (Lovvorn et al. 2016). Nematodes can also
actively influence spatial distribution by becoming
entrained in resuspended material and then selec-
tively settling in food-rich patches, such as freshly
deposited phytodetritus (Lins et al. 2013, Meven-
kamp et al. 2016)

The nematode and meiofauna communities at
Group D stations were representative of assemblages
commonly found in muddy locations with high OM.
Forinstance, the most abundant genus was Halalaimus,
a long, slender nematode that can occupy interstitial
space in fine sediments (Sharma et al. 2011). The fam-
ily Desmodoridae (e.g. Desmodora and Molgolaimus)
was only found at these sites and was also most abun-
dant at muddy stations in the Southern Ocean (Ingels
et al. 2006). Kinorhynchs, which are generally re-
stricted to muddy sediment with higher OM (Grzelak
& Sgrensen 2019, Landers et al. 2019), were unique to
Group D and particularly abundant at the muddiest
stations: CL1, CL3, and IL4. Overall, these taxa sug-
gest that the muddy substrate and OM quantity at
these stations drive community composition.

A high trophic diversity index was found for Group
D, which may be related to a diversity of sediment
OM types, including greater inputs of terrestrial
material at these nearshore sites. Elevated trophic
diversity has been documented in both meio- and
macrofauna in areas with heterogeneous composi-
tion of OM,, including mixtures of fresh and degraded
material (reviewed by Campanya-Llovet et al. 2017).

Higher proportions of selective deposit feeders were
also found in Group D, including Halalaimus, Tri-
coma, and Terschellingia. Of particular interest is the
genus Terschellingia, which has been found in abun-
dance in sulfidic, shallow-water habitats and is
known to tolerate challenging biochemical condi-
tions (Vanreusel et al. 2010). Terschellingia is most
likely indicative of a shallow redox boundary at
Group D sites, corresponding with evidence of a
transition from an aerobic microbial community in
the upper 1 cm of sediments at these same sites to an
anaerobic community below (Walker et al. 2023).

4.2. Vertical distribution of meiofauna

Meiofaunal abundance generally declines with
sediment depth; however, the steepness of the verti-
cal gradient in abundance can vary. For instance, in
the Fram Strait, upper-slope stations with high food
availability exhibited a more gradual decrease in
meiofaunal density with sediment depth compared
to deeper stations with low food availability, where
a more rapid decline was observed with sediment
depth (Goérska et al. 2014). Similar trends have been
found at other continental slope and abyssal sites
(Lambshead et al. 1995, Vanaverbeke et al. 1997).
At our shallower shelf sites, meiofaunal abundance
decreased slowly with sediment depth at the
muddy, coastal Chukchi stations characterized by
high OM (Group D) and more rapidly at the sandy
Bering Sea stations with lower sediment OM con-
tent (Group A).

We found a subsurface peak in total meiofaunal
abundance at 4 southern Chukchi Sea stations
(Groups B and C; Fig. 4), 2 of which showed the same
pattern for macrofaunal abundance (Charrier et al.
2023). Such patterns may result from surficial preda-
tion pressure (Soltwedel et al. 2003), subsurface peaks
of food availability due to bioturbation (Galéron et al.
2001), or physical disturbance (Braeckman et al.
2011). At the Group B station, disturbance due to
high current speeds may cause resuspension of sur-
face-dwelling meiofauna, promoting deeper burrow-
ing. In addition, all stations with the subsurface
abundance peaks also had high biomass of deeper-
burrowing bivalves, which may facilitate subduction
of OM to depth through bioturbation activity, con-
tributing to the subsurface distribution of nematodes.
Experimental studies have shown aggregations of
nematodes in subsurface sediment in the presence of
both physical and biological surface mixing (Braeck-
man et al. 2011).
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4.3. Ecological role of macrofaunal-sized
nematodes in the sediment food web

Macrofaunal-sized nematodes are often ignored in
both macro- and meiobenthic studies, yet they ex-
hibit distinct taxonomic and functional diversity com-
pared to meiofaunal nematode assemblages (Sharma
et al. 2011, Baldrighi & Manini 2015, Gunton et al.
2017). Similarly, we found that the meiofaunal- and
macrofaunal-sized nematodes represented 2 distinct
communities. The macrofaunal nematodes in our
study comprised relatively fewer selective deposit
feeders (1A) and epistratum feeders (2A) and higher
proportions of non-selective deposit feeders (1B)
and predators/scavengers (2B) relative to meiofaunal
nematodes. Genera that were exclusively found in
the >500 pm assemblage were mainly predators/
scavengers or persisters (c—p = 3 or 4), which tend to
be larger and thus better represented in this size
fraction (Sharma & Bluhm 2010, Baldrighi & Manini
2015, Gunton et al. 2017). Predators/scavengers were
particularly abundant in sandier locations, likely
because greater interstitial space is more accommo-
dating to their larger size and greater mobility, and
perhaps more importantly, because their facultative
feeding behavior and higher mobility may be advan-
tageous in more food-limited habitats (Sharma &
Bluhm 2010, Baldrighi & Manini 2015).

These differences in feeding-group composition
suggest distinct roles of meio- and macrofaunal nem-
atode communities in benthic carbon cycling. Many
of the smaller nematodes are selective feeders, tar-
geting labile food particles such as fresh phytoplank-
ton cells or bacteria. These nematodes likely depend
more heavily on labile OM and would be sensitive to
changes in food input (Lovvorn et al. 2016), such as a
decline in deposition of fresh phytoplankton to the
seafloor, which has been predicted for the region
(Lee et al. 2013, Moore & Stabeno 2015). Indeed, a
global synthesis of available data suggests that meio-
fauna are generally more sensitive to changes in the
freshness of phytodetritus and concentration of labile
materials, such as proteins and dietary lipids, than
macro- or megafaunal benthos (Campanya-Llovet et
al. 2017). In contrast, non-selective deposit feeders
that dominate the macrofaunal-sized nematode com-
munities may be better equipped to consume more
refractory or reworked material. These taxa may be
buffered against declines in the input of fresh phy-
todetritus to the seafloor through consumption of a
sediment food bank of OM (Mincks et al. 2005, Pirtle-
Levy et al. 2009). The larger predators/scavengers
prevalent in macrofaunal-sized nematode communi-

ties can consume other meiofaunal organisms or the
juveniles and scavenged remains of macrofaunal
organisms, adding a trophic pathway to sedimentary
systems that goes unnoticed when the larger nema-
todes are ignored. These findings suggest that there
is an important intermediary ecological niche being
filled by macrofaunal-sized nematodes, organisms
that still have an interstitial lifestyle but are arbitrar-
ily classified as macrofauna based on the sieve size
used to separate them.

In addition to representing a distinct taxonomic and
functional assemblage, macrofaunal-sized nematodes
contributed substantially to total infaunal abundance
and biomass, and hence benthic carbon cycling.
While they only represented 1.6 % of total nematode
abundance (16-110 ind. 10 cm™2 in the upper 5 cm of
sediment; similar to values reported by Gunton et al.
2017), they accounted for 22 % of total nematode bio-
mass overall due to their large size, with a high of
55% at DBO3.3. Macrofaunal-sized nematodes were
also highly abundant relative to the rest of the macro-
fauna, comprising an average of 82 + 17 % (ranging
from 48 % at DBO2.2 to 96 % at DBO3.6 and DBO3.8)
of total macrofaunal abundance and 1 + 2% (ranging
from 0.005% at CNL3 to 7% at IL4) of macrofaunal
biomass in the upper 5 cm sediment (macrofaunal
data from Charrier et al. 2023). In the surface 1 cm
layer of sediment, the macrofaunal-sized nematodes
contributed less to total macrofaunal abundance (49
+ 27 %, ranging from 11 % at CL3 to 87 % at DBO3.6)
but made up a larger portion of total macrofaunal
biomass (3 + 8%, ranging from 0.002% at CL3 to
26 % at IL4).

The contribution of nematodes to total macrofaunal
abundance in our samples is high compared to other
studies. In the Whittard Canyon, nematodes only
accounted for up to 15% of total macrofaunal abun-
dance for the upper 5 cm of sediment (Gunton et al.
2017) and between 16 and 40% at deep-sea sites in
the Mediterranean Sea (>300 pm for upper 20 cm;
Baldrighi & Manini 2015). However, these studies
counted nematodes in macrofaunal samples that
were live sieved prior to preservation, while our
samples were sieved after preservation. Sieving live
reduces retention of many taxonomic groups of
macrofauna, especially soft-bodied, motile poly-
chaetes (Degraer et al. 2007). Indeed, nematode
counts from our macrofaunal samples that were
sieved live yielded estimates of only 28 + 19 % of total
macrofaunal abundance, which is nevertheless a
substantial contribution. This discrepancy highlights
the well-known potential for methodological bias
when comparing results among studies.
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The abundance and biomass of macrofaunal-sized
nematodes imply that they contribute substantially to
carbon demand in the Pacific-Arctic benthos, partic-
ularly considering their potential for high rates of
production given their relatively short generation
times. We estimated benthic secondary production
using equations from Brey (1989), based on average
individual weights and population biomass meas-
ured here. Values of macrofaunal-sized nematode
production ranged from 0.5 to 4 g C m™2 yr~!, which
was, on average, 3 + 2% of total secondary produc-
tion (meiofaunal-sized nematodes + macrofaunal-
sized nematodes + plus macrofauna from Charrier et
al. 2023), ranging from 0.3% at CNL3 to 7% at
DBO3.6. At all but 2 stations with high disturbance,
macrofaunal-sized nematodes contributed, on aver-
age, 3 to 4 % of total secondary production, suggest-
ing that their contribution to carbon consumption is
consistent throughout the region and should be con-
sidered in most environmental settings. These sec-
ondary production estimates are based on biomass
and body size and do not directly account for many
factors (Brey 1989), such as generation time, lifespan,
and other species-specific differences. The relatively
short generation time of nematodes may result in
much higher secondary production than estimated
here.

Estimated production of meiofaunal-sized nema-
todes ranged from 5 to 28 g C m™2 yr!, which on
average accounted for 29 + 26 % of total estimated
production (ranging from 3 % at CNL3 to 84 % at IL4).
Meiofaunal-sized nematode production accounted for
1 to 17 % of carbon flux to the seafloor, according to
regional flux measurements (O'Daly et al. 2020), and
was highest in Group D followed by Group C. How-
ever, this estimate assumes that all nematodes
directly consume deposited material and does not
consider differences in consumption of detritus
among feeding types. Modeling studies have esti-
mated that predatory nematodes consume only about
20 % detritus or bacteria and 80 % other nematodes
or fauna (van Oevelen et al. 2011). Given that preda-
tory nematodes are rare at most stations (0-24 %;
average 5 %), this feeding type does not substantially
impact our secondary production estimates. While
many other factors influence metabolism and pro-
duction, such as temperature, oxygen concentration,
and food availability (Brockington & Clarke 2001,
Clarke & Fraser 2004, Braeckman et al. 2013), these
rough estimates of secondary production demon-
strate that nematodes likely contribute a substantial
amount to benthic carbon consumption due to high
abundances and rapid generation times.

4.4. Conclusions

To predict potential impacts of future environmental
change (Baker et al. 2020b, Huntington et al. 2020) on
benthic ecosystem structure (Grebmeier 2012, Moore
et al. 2018, Goethel et al. 2019, Waga et al. 2020) and
function (Jones et al. 2021), ecosystem models must
be well-constrained and representative of the current
ecosystem and, where possible, consider the hetero-
geneity of the environment reflected by distinct com-
munities of benthic organisms. So far, most benthic
research in the Pacific Arctic has focused on the
macro- or epibenthos (e.g. Bluhm et al. 2009, Grebmeier
et al. 2015), even though meiofauna play critical roles
in ecosystem functioning (reviewed by Schratzberger
& Ingels 2018) and achieve high densities in other
marginal ice zones (Hoste et al. 2007, Gérska et al.
2014). Due to a lack of available data on meiofauna,
modeling studies have utilized meiofaunal community
metrics from other regions (Nelson et al. 2014, Lov-
vorn et al. 2016). Although the spatial coverage of our
data and ability to assess small-scale heterogeneity
are limited, our data begin to address some of these
data gaps, specifically with nematodes. Our study
shows 4 distinct nematode assemblages in the north-
ern Bering and southern Chukchi Seas, providing a
preliminary insight into the heterogeneous nature of
the Pacific-Arctic sedimentary ecosystem, its distinct
communities, and the environmental drivers that
shape them. Moreover, the distribution of these as-
semblages aligns well with those of polychaete
functional guilds (Charrier et al. 2023) and sediment
microbes (Walker et al. 2023), reinforcing the distinc-
tiveness of these 'eco-regions’ and the strong environ-
mental influence on biotic communities.

The data presented here fill important gaps, in-
cluding nematode abundance, biomass, and com-
munity structure and function, that contribute to our
understanding of ecosystem function. Our results
suggest the need for small-scale, sub-regional eco-
system modeling units within the greater Pacific-
Arctic region. Our research also shows that the size-
based separation for infauna (meiofauna versus
macrofauna) and the traditional taxonomic focus by
scientists within each group leads to exclusion of a
benthic component: the macrofaunal-sized nema-
todes. These nematodes can represent a substantial
amount of benthic standing stock and play a distinct
trophic role, yet are distinguished from taxa tradi-
tionally considered macrofauna. One can question
whether the ecological niche occupied by macrofau-
nal-sized nematodes bridges those of meiofauna and
macrofauna sensu stricto? Although they are meio-
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