Manuscript File+ Credit authors statement+declaration of
competing interest

10
11
12
13
14
15
16
17
18
19
20

21
22

23

24

25

26

27

Benthic foraminiferal assemblages and environmental drivers along
the Kveithola Trough (NW Barents Sea)
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Abstract

We report the living benthic foraminiferal density, biodiversity, and vertical distribution
related to the environmental features from the shallow Kveithola Trough (NW Barents
Sea). Based on the CTG technique that we confirm is a very effective way to
distinguish living from dead foraminifera, we document the faunal assemblage
variability along the transect. The outer shelf shows a diverse benthic foraminiferal
assemblage suggesting an oxygenated and oligotrophic environment. The central part
appears a disturbed area due to rapid circulation changes and organic matter burial in
sediments where opportunistic foraminifera colonize only the first centimeters. Instead,
the inner part appears as a stressed environment where species associated with
organic-rich sediment and oxygen-depleted environments dominate the living
assemblage. In all sites, we notice the presence of delicate monothalamous species.
The peculiar geomorphological and environmental conditions of this area and the high
regional primary and secondary production are key drivers of foraminiferal

assemblage distribution.
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1.Introduction

Foraminifera are unicellular eukaryotes that occur ubiquitously in all the world oceans
and marine habitats, including both pelagic and benthic environments. Of these,
benthic foraminifera are an important component of marine systems and may even
account for 50% of eukaryotic biomass (Gooday et al., 1992). These organisms are
excellent indicators for assessing the exported productivity to the ocean floor (van der
Zwaan et al., 1999) for energy transfer at the higher trophic levels (Fontanier et al.,
2006; Langezaal et al., 2006) and for the recycling of the organic matter decomposing
in the sediments or in the bottom waters (Gooday et al., 1992; Cusson and Bourget,
2005). Foraminifera have a short life cycle and react rather quickly to environmental
changes. In fact, the physico-chemical properties of water-masses and sediment types
including the temperature, pH, oxygenation, grain size and organic carbon content,
and the characteristics of bottom currents, (Gupta, 1999; Fontanier et al., 2002;
Murray, 2006; Martins et al., 2016) mostly control the distribution, abundance and
diversity of benthic foraminifera. For these reasons, the study of foraminifera
represents a powerful tool in the reconstruction of (paleo)environmental
characteristics, and in the evaluation of the effects of pollutant and other
anthropogenic impacts on marine environments (du Chéatelet and Debenay, 2010;
Frontalini and Coccioni, 2011; Martins et al., 2016). An essential issue in the biological
and ecological studies is investigating the foraminiferal vitality by distinguishing
between the living and dead foraminifera. Over recent years, researchers used
different techniques to identify live cells, each one having a different degree of
accuracy and, both, advantages and disadvantages (Bernhard et al., 1995; Bernhard,
2000; Bernhard, 2006; De Nooijer et al., 2006; Borrelli et al., 2011; Caulle et al., 2015;
Mojtahid et al., 2016). The present study was inspired by the paper of Bernhard et al.
(2006) that compared Rose bengal (RB) and Cell Tracker Green (CTG) stains. They
investigated deep-water (220-920 m depth) benthic foraminifera and demonstrated
that for quantifying living meiofauna in hypoxic/anoxic settings. CTG is a more
accurate method than the widely used RB staining, which over-estimated the
abundance of living specimens by 47%. Based on these considerations, the main
objectives of the present paper are: 1) to describe, for the first time, the foraminiferal
assemblage of the Kveithola glacial Trough located in the NW Barents Sea (Arctic),

comparing and discussing the use of RB and CTG on the foraminiferal fauna in which
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organic-rich sediments suggest the existence of oxygen-depleted environmental
conditions; 2) compare and discuss the results regarding the vitality of foraminifera
presented in this paper in relation to the physico-chemical oceanographic patterns and
trophic status in the Kveithola Trough to get an integrated, comprehensive view of the

environment at the time of sampling.
1.1. Study Area- Sedimentology and Oceanography

The Kveithola Trough (Figure 1) is an abrupt and narrow glacial sedimentary system
located in the NW Barents Sea. It is ca. 100 km long extending in an E-W direction,
and less than 13 km wide with a depth range of 200-400 m along its major axis (Ruther
et al., 2012). The sea floor presents a series of E-W trending mega-scale glacial
lineations associated with a fast-flowing ice stream that crossed the trough during the
Last Glacial Maximum, and transverse, N-S oriented Grounding-Zone Wedges (GZW)
that were generated during the episodic retreat of the last glacial ice sheet during the
last glacial termination, giving rise to a stepped bathymetric axial profile of the trough
(Rebesco et al., 2011; Bjarnadattir et al., 2013). The inner part of the trough hosts a
complex sediment drift characterised by two main depocentres (main and minor drifts;
Rebesco et al., 2016), with internal acoustic reflectors on the sub-bottom record
indicating persistent bottom currents that were active in the area since at least 13 cal
ka BP (Bjarnadottir et al., 2013; Rebesco et al., 2016). Further, the trough is
intersected in a N-S direction by the Hornsund and Knglegga fault systems, the latter
of which being responsible for an elongated bathymetric depression indicated as the
“northern channel” (Hanebuth et al., 2013; Zecchin et al., 2016) that conducts dense
bottom currents delivering sediments towards the main drift (Fohrmann et al., 1998;
Lucchi et al., 2016; Rebesco et al., 2016; Lantzsch et al., 2017).

The Kveithola Trough is influenced by cold and relatively low salinity waters (Eastern
Spitsbergen Current, ESC), coming from the Arctic Ocean (Aagaard et al., 1985;
Aagaard, 1989; Loeng, 1991; Orvik and Niiler, 2002) and by the warmer and saltier
Atlantic Water (AW) (Figure 1). The latter is transported by the West Spitsbergen
Current (WSC), a branch of the North Atlantic Current (NAC), which brings heat and
salt to the high latitudes following bathymetric constraints and exerting a substantial
control on the climate of the region and sea-ice extension (Aagaard et al., 1975;
Aagaard et al., 1981; Aagaard, 1989; Vinje and Kvambekk, 1991; Loeng et al., 1997;
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Maslowski et al., 2004; Ruther et al., 2012; Smedsrud et al., 2013). The Kveithola
Trough is seasonally influenced by the presence of sea-ice representing the
southernmost limit of the maximum sea-ice winter extension within the northwest
Barents Sea. Long-term climate trends, and the effects of large-scale climatic patterns
such as the Pacific Decadal Oscillation, the North Pacific Gyre Oscillation, and the
North Atlantic Oscillation-like pressure conditions (e.g., Koenigk et al., 2009; Yang et
al., 2020) are the main forcing mechanisms driving the sea-ice extent in the Barents
Sea. This area suffers from a substantial interannual variability as well as a
progressive, long-term reduction of sea-ice (Onarheim et al., 2017). The Kveithola
Trough is a peculiar area characterised by a large portion of relatively shallow seabed,
where the water column is strongly affected by the co-presence and interplay of AW
and Arctic water masses, seasonal influence of sea-ice melting waters, and
atmospheric processes able to induce local water mass mixing and enhance a strong
spatial and temporal variability of the thermohaline properties. Further, the bathymetric
characteristics (abrupt narrow trough) are responsible for an amplification of the local
impact of the tidal currents on the oceanographic patterns. Moreover, it is similar to
other Barents Sea shallow areas, where high nutrient rates reach the benthic
community and high regional primary and secondary production exist (Piepenburg and
Schmid, 1996; Piepenburg and Schmid, 1997; Grebmeier et al., 2006). Considering
the foraminiferal assemblages, some studies mapped the most abundant foraminifera
species (RB stained) from selected sites in the superficial sediment of the Barents Sea
(Saher et al., 2009; 2012). These reveal a shift toward warm temperature tolerant
species and, therefore, reflect a change in the climatic and oceanographic conditions.
We reported and added a close up on a reduced area, using a different labelled

methodology.
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2. Materials and Methods

Sediment samples and oceanographic data were collected during the Eurofleets2-
BURSTER cruise onboard the German icebreaker RV Polarstern (Expedition PS99-
1a; June 13-23, 2016, Lucchi et al., 2016).

2.1. Oceanographic data set
2.1.1. Thermohaline data

Pressure (dbar), temperature (T, °C), salinity (S, PSU), dissolved oxygen (DO, ml I"),
and light beam transmission (BT, %, as indicator of water transparency) were recorded
throughout the water column using a SeaBird 911-plus CTD (Conductivity-
Temperature-Depth) probe mounted on the SBE 32 Carousel Water Sampler
(Rosette) equipped with 24 Niskin Bottles (12-litre capacity), approaching the
maximum depths 5-7 m above the seabed. High frequency (24 Hz) data were
processed, quality checked, and averaged every one dbar to obtain the final vertical
profiles. Overall, accuracies are within +0.002°C for T, £0.005 for S, and 2% of
saturation for DO. The DO concentration was also determined in parallel on water
samples taken at discrete depths from the Niskin bottles using the Winkler method
(Carpenter, 1965).

Potential temperature (8) and potential density anomaly (o, kg m3, referred to 0 dbar)

were calculated from each vertical profile using the toolbox TEOS-10 (http://www.teos-

10.org/software.htm). Some data are plotted using Ocean Data View (ODV; Schilitzer,
2020).

2.1.2. Horizontal currents

Speed and direction of the horizontal component of the oceanic currents were
measured by a vessel mounted Acoustic Doppler Current Profiler (vmADCP, Teledyne
RDI 150 kHz Ocean Surveyor configured in ‘Narrowband’ mode) along the ship track
with a time interval of 20 minutes. Vertical profiles were recorded within 80 cells with
4 m size, obtaining data from approximately 20 m to 340 m depth. However, there was
no data within a 40-50 m thick layer above the seafloor. Considering that in the

Kveithola Trough the maximum bottom depth is about 370 m, the bottom tracking
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mode was used for the vmADCP to permit a higher accuracy on the ship velocity
measurements and, therefore, a better quality of the ocean current data. At the sites
where the ship remained on station for several hours, we calculated an average

current velocity profile and analysed the temporal evolution of speed and direction.

The Tidal Model Driver (TMD, Padman and Erofeeva, 2005) was applied to predict the
barotropic astronomical tidal variations for the duration of the cruise in order to explore
a tidal influence on the currents. The barotropic tidal current has a constant value at
each depth. The baroclinic tide (i.e., the one varying with depth) is not considered.
Twelve grid points inside the Kveithola Trough (between 16 and 18° E, with 1° step in
longitude and between 74.7 and 75.0° N and with 0.1° step in latitude) represent the
study area. The time series of the predicted tidal current at each grid point included
four semi-diurnal (M2, S2, N2, K2, oscillation period of about 12 hours) and four diurnal

(K1, O1, P1, Q1, oscillation period of about 24 hours) tidal constituents.
2.1.3. Meteorological data and satellite images

Meteorological data (air temperature, °C; 10 m wind speed, m s, at 00, 06, 12, 18
UTC each day) from the European Centre for Medium-Range Weather Forecasts
(ECMWF), ERA 5 atmospheric reanalysis dataset (Resolution 0.25° x 0.25°), were
downloaded (DOI: 10.24381/cds.adbb2d47) and used to analyse weather conditions
in the first half of 2016 (from 1 January to 30 June).

Data from the Moderate Resolution Imaging Spectroradiometer (Aqua MODIS, L3SMI,
Global, 4 km resolution), freely available from NOAA ERDDAP platform were used
(Hu et al., 2012) to analyse surface chlorophyll (chl-a) distribution, over the Barents
Sea during May 2016, June 2016, and July 2016.

2.2 Sedimentary dataset

The sedimentary dataset consists of sediment cores collected at five sites (Figure 1
and Table 1) using a video-guided multi-corer (TV-MUC) equipped with eight
polycarbonate tubes, 60 cm length, 7,5 cm inner diameter. For the analysis related to
sediment grain size, organic matter, and foraminiferal assemblages, different cores
were collected at each site using the same device (PS99/02-2, PS99/05-2, PS99/06-
3, PS99/07-3, PS99/21-3). The sediment cores were split vertically down the middle
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into two halves, visually logged, and fully sliced horizontally onboard at 0.5-cm
resolution (0-2 cm bsf), and at 1-cm resolution down to the core bottom for shore-
based analyses as reported in the following. For convenience, throughout the text, we

will refer to the cores with the abbreviated names of the sites: 02, 05, 06, 07 and 21.
2.2.1 Sediment grain size

Determination of the sediment grain size was performed using a Coulter Counter Laser
Beckman LS-230, measuring the 0.04-2000 ym fraction at 0.004 ym resolution. The
sediments were treated with peroxide water to remove the organic matter and
suspended into a 0.1% sodium-hexametaphosphate solution to prevent sediment
flocculation during the analysis. Each sample was left 3 minutes in an ultrasonic bath
prior to the measurement. The grain size results were classified according to Friedman
and Sanders (1978) grain-size scale. Reported for each core is the photograph of the
fresh sediment surface collected either in the laboratory (cores 02, 05, 06) or onboard
the ship (cores 07 and 21), the lithological log with indication of the sediment texture
and structures, and the down-core distribution of sand (white), silt (light gray) and clay
(dark gray) fractions. Note that: the recovered sediments were initially very dark

gray/black (e.g., cores 07 and 21) and quickly oxidized becoming yellowish and gray.
2.2.2 Quantity and biochemical composition of sedimentary organic matter

Chl-a and phaeopigment determinations of the top 2 cm of the sediment were carried
out fluorometrically according to Lorenzen and Jeffrey (1980). Pigments were
extracted with 90% acetone (12 h in the dark at 4 °C). After the extraction, the pigments
were analysed to estimate the quantity of chl-a and, after acidification with 0.1 N HCI,

to estimate the phaeopigments amount. The sum of the chl-a and phaeopigment

concentrations, was assumed to represent the total phytopigment concentrations then
converted to carbon equivalents by using the conversion factor of 40 pug of C ug-1
(Pusceddu et al., 1999; Pusceddu et al., 2009). Such a conversion factor was used to
allow a proper comparison with previous investigations (Pusceddu et al., 1999; 2000;

2009).
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Protein, carbohydrate, and lipid concentrations of the top 2 cm of the sediment were
determined spectrophotometrically (Pusceddu et al.,, 2009; 2010). Protein
concentration was obtained according to Hartree (1972) as modified by Danovaro
(2010). Concentrations are reported as mg albumin equivalents per dry weight g of
sediment. Carbohydrates were analysed according to Gerchakov and Hatcher (1972)
and expressed as mg glucose equivalents per dry weight g of sediment. Lipids were
extracted with methanol and chloroform (2:1 vol/vol) according to Bligh and Dyer
(1959) and then analysed according to Marsh and Weinstein (1966). Lipid
concentrations are reported as mg tripalmitin equivalents per dry weight g of sediment.

Protein, carbohydrate, and lipid concentrations were converted into carbon

equivalents by using the following conversion factors: 0.49, 0.40, and 0.75 g C g1,

respectively (Fabiano et al., 1995). The sum of protein, carbohydrate, and lipid carbon
was referred to as biopolymeric C (BPC), while bioavailable carbon (BAC)
concentration was calculated as the sum of digestible proteins and carbohydrates
converted into carbon equivalents by using the same factors as for their total pools
(Danovaro et al., 2001). The contribution of chl-a concentrations converted into C
equivalent to biopolymeric C concentrations was used as a descriptor of the ageing of
sediment organic matter (Pusceddu et al., 2010; Pusceddu et al., 2011). For each
biochemical assay, blanks were obtained using pre-combusted sediments (450 °C for
4 h). All the analyses were performed as three pseudo-replicates, with about 1 g of

sediment per sample.
2.3 Sampling and treatment of the foraminiferal faunas

One CTG and two RB subsamples for living foraminiferal analysis were obtained using
Plexiglas corers with inner diameters of 3.6 cm (surface area 10.18 cm?), inserted
manually into the multi-core samples after the TV-MUC recovery at each site. CTG-
labelled cores for each site were opened on board and sliced horizontally at every 0.5
cm for the uppermost 2 cm and at every 1 cm in the interval between 2—10 cm core
depth. Each slice was incubated in a refrigerator for 12-15 hours in Cell Tracker Green
CMFDA (CTG) (1uM final concentration), following the staining procedure as indicated
in Pucci et al. (2009). After incubation, the samples were fixed in 10% formalin buffered
with sodium borate solution. RB-labelled cores were frozen on board at -20°C, as

performed by many of ecological studies of meiofauna (e.g., Gambi et al., 2016), and
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sliced at the laboratory of Paleoecology of the Department of Life and Environmental
Science (DISVA_ltaly) using the same down-core sampling resolution of the CTG-
samples. The sediment samples were then stained with Rose Bengal (1g L") and fixed
in 4% formalin buffered with sodium borate solution for 48 h. After staining, both CTG-
and RB-labelled samples were sieved through 63, 150, and 500 ym mesh sieves to
evaluate the size structure of the living foraminiferal assemblage. The residues were
kept wet and hand-sorted in water using a fluorescence binocular microscope and a
binocular microscope for CTG-stained and Rose-Bengal-stained benthic foraminifera,
respectively. The processed samples were then stored in 4% buffered formalin
solution. Hard-shelled polythalamous foraminifera (agglutinated and calcareous
species) were stored in micropaleontological slides. Soft-shelled monothalamous
species were placed in cavity slides in glycerol and photographed under a compound
microscope (Nikon Eclipse E600 POL). Few fragments of branching and tubular
foraminifera (i.e., Hyperammina, Rhizammina) were counted but not included in the
data analysis because their fragile, easily breakable tests can mislead the correct
determination of their occurrence. The hard-shelled agglutinated group included both
monothalamous (i.e., Lagenammina genus) and polithalamous species. Taxonomy for
hard-shelled polythalamous foraminifera (agglutinated and calcareous taxa) followed
Loeblich and Tappan (1953), Seidenkrantz (1995), Majewski and Zajaczkowski
(2007), and Sabbatini et al. (2007), whereas soft-shelled monothalamous foraminiferal
taxonomy, followed Gooday et al. (2010), Majewski et al. (2005), and Sabbatini et al.
(2013).

All the living specimens were counted, their numbers standardised per 10 cm?, and
the proposition of the main groups calculated. To describe the vertical distribution of
the total faunas or individual taxa, we used the average living depth (ALD, Jorissen et
al., 1995), which allows a prompt description of the microhabitat patterns. The

following equation allows us to calculate the ALD:

ALD, = 2(nD,)N,

i=0,x
where X is the lower boundary of the deepest sample; ni the number of individuals in
interval i; Di the midpoint of sample interval i; N the total number of individuals for all

levels.
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Faunal biodiversity was estimated using different diversity indices: species richness
(S) measured as the number of species, dominance measured by the Simpson (1-D)
index, species diversity (H loge) measured by the Shannon—-Wiener (H) information
function, and species evenness (J) measured using the Pielou (1975) index. The
statistical PAST software (Paleontological Statistics; Version 3.12"; Hammer et al.,

2009) calculated the indices for each level and the indices for the overall 0-10 cm.
2.4. Statistical analysis

To test differences in community composition among sites, one-way ANOSIM was
applied to the results obtained from both CTG and RB-treated samples. SIMPER
analysis was used to access the dissimilarity percentage between foraminiferal
assemblages and biochemical compounds and to identify which species contributed
most to the observed dissimilarities between sites. To identify the potential
relationships between environmental variables and foraminiferal species composition,
a canonical correspondence analysis (CCA) was performed on the assemblages
determined on CTG-labelled samples only. All statistical analyses were carried out

using the software Past 3’12 (Hammer et al., 2009).
3. Results

3.1. Water column properties in the Kveithola Trough
3.1.1. Thermohaline properties

Exploring the dataset collected in June 2016 (Figure 2a), we observe that 6 ranges
between 3.37 and 6.93 °C, and S between 34.83 and 35.15 (Figure 2b). High 8 and S
mark the plausible characteristic values of the Atlantic Water, while low 8 and S
indicate influence of the Polar Water advected likely from the surrounding northern
shelf area (i.e., from Spitsbergen). More in detail, we consider the Atlantic Water
properties within the intervals of 4.00 — 7.00 °C for 6, and of 35.10 — 35.15 for S,
resulting in 27.5 - 27.83 kg m™ for ge. The Polar Water intervals are instead 3.00 -
4.50°C, 34.80 - 35.04, for 8 and S respectively, corresponding to 27.6 - 27.85 kg m3
for oe. The wide range for Polar Water salinity suggests different pathways or origins
of the Polar Water that may be present in the Kveithola Trough (less denser and

fresher are probably remnants of the melt water in the upper layers).
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Overall, the water column inside the Kveithola Trough seems to be a complex mixture
between the two main water masses, probably due to both isopycnal and diapycnal
mixing (Figure 2b). The spatial distribution is varying in a way that the Atlantic Water
layer is thicker near sites 02 and 05 (outer shelf and central deep area), while the Polar
Water dominates near sites 06 and 07 (inner shelf) (Figure 2c, d). In the remaining
central zone, near site 21, the upper 150 m layer has prevalent Atlantic Water like
characteristics, while the deep layer has predominantly Polar Water like
characteristics. The low density in the surface layer in the western and central parts of
the study area is mainly driven by high 8 (Figure 2e). Likewise, the highest densities
in the bottom layer of the northern flank are driven by low 6 values. The DO (Dissolved
Oxygen) concentrations in the water column (Figure 2f) are minimal in the surface
layer over the entire area, while the highest values are associated with the lower 6
values of the Polar Water. Where the Atlantic Water dominates, DO values decrease.
However, approaching the deep layer, near the seabed, the DO values never drop
down substantially. BT (Figure 2g) is often low (indicating a large presence of organic
and inorganic particles) in the upper 50 m, where also DO values are low. In general,
we found higher BT values (i.e., lower presence of particles) below 100 m depth. Then,
BT diminishes locally as approaching the seabed, like at site 06, and in the areas of
steep bottom slope (e.g., between sites 05 and 21) where the bottom currents and the
local morphology probably favour sediment resuspension. Fluorescence values

(Figure 2h) are high in the upper layer, especially at stations 8, 10, and 25.
3.1.2. Ocean currents

Measured data revealed a large spatio-temporal variability of the currents within the
Kveithola Trough, as we illustrate for the selected sediment sampling sites 02, 05, 06,
07, and 21 (Figure 3). The vertical profile of the currents speed at each site is an
average obtained from several vertical velocity profiles recorded during the
hydrological and geological data acquisition (Figure 3). The current speed varied
between almost 0 and 0.30 m s™'. Higher speeds are recorded in the layer between 70
m and 150 m water depth, and the largest values are observed at site 05 (main drift).
The near-bottom average currents have low values ranging between 0.02 and 0.06 m
s possibly due to the effect of the bottom friction. The large variability of the ocean
currents, in terms of both speed and direction (the latter not shown) was largely
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influenced by tidal currents in the area. The speeds of simulated barotropic tidal
currents during the sampling period varied between 0.02-0.20 m s™', with direction
veering in a clockwise sense, with a typical semi-diurnal period (about 12 hours). The
tidal currents were larger along the southern and northern flanks, likely due to the
effects induced by the sea bottom morphology (i.e., shallower depths) and weaker in
the deep central area. The tidal effects on the local currents are clearly visible from
the profiles recorded on different days at the same sites (Figure 3a-f). In particular, at
site 05 the maximum speeds (> 0.20 m/s) were recorded at different depths (120 m
and 170 m, respectively) on the two days of measurement (19 and 20 June, Figure
3c, d), while at site 06 speeds in the bottom layer on 20 June were larger than those

recorded on the previous day (Figure 3e, f).
3.2. Chlorophyll (Chl-a) surface measurements from satellite

Monthly averaged concentration of Chl-a deriving from satellite images for three
months (May to July 2016, Figure 4) varies significantly both in time and space. High
Chl-a concentration over the Kveithola Trough is observed in June 2016 (Figure 4b),
likely due to the response of the marine environment to harsh meteorological
conditions (i.e., high wind speed) that enhanced water mixing and nutrients re-
distribution. Also, lateral advection and mesoscale activity can be responsible for
sediment resuspension in shallower areas, nutrient increase in the upper layer, and

the consequent occurrence of algal blooms that cause chl-a increase at the surface.
3.3 Sediment characteristics and grain size

Core 02 located in the outer Kveithola Trough (Figure 1), recovered greyish sediments
composed by silty-sands (0—8 cm bsf) and sandy-silts (8-14 cm bsf) containing
abundant Ice-Rafted Debris (IRD). The base of this coarse-grained interval is irregular
and overly mottled silty clay sediments. The sand content at this site is greater than

50% in the upper part of the core and rapidly decreases down-core.

Cores 05, 06, 21, and 07 located in the inner Kveithola Trough and along the Northern
Channel (Figure 1), recovered very dark gray/black sediments having a very strong
smell of H2S. The sediments are finer-grained with respect to core 02 having, however,
a relatively consistent content of sand (15-30%). The sediments are strongly

bioturbated with a common/abundant presence of shells.
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3.4 Food quantity and quality at the seafloor

Table 2 summarises the concentrations of all investigated biochemical compounds, as
well as the contribution of the algal fraction to biopolymeric C. The total phytopigment
content varies significantly among the sampled sites of the Kveithola Trough, with
values ranging from 7.56 + 0.55 pg/g in the outer shelf (site 02), to 61.92 + 4.4 ug/g in
the Northern channel (site 07). A large variability characterises the total carbohydrate
concentrations, with the lowest value at site 02 (2.34 £ 0.27 mg/g) and the highest at
site 07 (7.02 £ 0.79 mg/g).

Similar patterns are generally observed also for lipid and protein concentrations. The
bioavailable carbon (BAC) is lower at the sites 02 and 21 (value of 2.52 + 0.82 and
3.51 + 1.4 mg/g respectively), whereas at the innermost sites the BAC is as high as
6.23 £ 0.1 mg/g and 5.97 + 0.39 mg/g at sites 06 and 07, respectively. The contribution
of the C associated with the algal fraction to the biopolymeric C changes significantly

across the sampling sites, ranging from 10% at site 02 to 34% at site 07.
3.5 Foraminiferal assemblages

CTG-labelled living foraminiferal abundance for the fraction > 63 um (0-10 cm) has
values increasing from 103 ind./10 cm? at site 21, to 792 ind./10 cm? at site 05 both
located in the central area of the trough (Figure 6a), whereas according to RB-labelled
samples the abundance increases from 834 ind./10 cm? at site 02 to 1571 ind./10 cm?
at site 06 (Figure 6¢). Regarding the three different fractions, total densities of living
foraminifera (both CTG and RB methods) in the 0-10 cm interval showed that the
fraction 63-150 um was the most abundant at sites 02, 05, and 06 and less abundant
at the sites 07 and 21 (CTG) where the fraction 150-500 ym is, instead, the dominant.
The fraction > 500 um represented only a minor contribution and showed comparable
values at all sites using the two different methods (Figure 6b, d). It is clear that the
total abundance evaluated by the CTG method was lower with respect to those

obtained by the RB staining protocol.

Taxa composition for the CTG cores, for the fraction > 63 ym (total assemblage 0-10
cm, Figure 7a), shows that the polythalamous calcareous species represent in all sites
the most abundant group (> 40%), except at the site 06, where the most abundant

group is the monothalamous (57.9%). The second abundant group is the
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monothalamous with the percentage varying from 23.0% at the site 07 to 57.9% at the
site 06. Polythalamous agglutinated species are present at all sites with percentages
varying from 9.5% at site 06 to 27.6% at site 05.

In the RB case, the fauna composition in the fraction > 63 pm (Figure 7b) is dominated
by polythalamous calcareous foraminifera, which represent between 57.0% (core 06)
and 78.0% (core 21) of the total assemblage. Polythalamous agglutinated group is
well represented at all sites with the percentages varying from 12.2% at site 21 to
33.4% at site 07, while monothalamous group is present in all sites with less
percentage, between 5 and 20%. For both staining methods, the miliolid group is rare
at all sites, representing less than 2%. The CTG method shows an overall greater
faunal diversity than the RB, where the polythalamous calcareous group dominates
the assemblages. A total of 74 species CTG-labelled (116 RB-stained) are identified
(0-10 cm layers, > 63 um), of which 30 (45 RB-stained) are polythalamous calcareous
hyaline, 11 polythalamous agglutinated (24 RB-stained), and only 7 miliolids (8 RB-
stained). We found 26 monothalamous organic groups (37 RB-stained). The majority
of which are morphotypes; most of them belonging to well-known and widespread
genera of the polar environments, as Cylindrogullmia, Gloiogullmia, and Micrometula.

Plates IV -V show some examples.

The total living foraminiferal assemblages for the fraction > 63 ym in CTG-labelled
samples, show the highest species richness at sites 05 and 07 with 39 identified
species, followed by sites 02 and 06 with 35 and 34 identified species, respectively.
The lowest value is observed at site 21 (24 species). The Simpson index is very high
at sites 02, 21 and 07 (0.93 and 0.89, respectively) while it decreased in the other sites
(< 0.85, Table 3). The Shannon index is very high at all sites (> 2.10, Table 3). The
equitability value decreases from site 02 (0.87) to site 06 (0.58). Plate | report some
examples of CTG-labelled foraminifera, observed using a fluorescence binocular

microscope.

In the RB-labelled samples, the highest species richness is recognized in site 02 (61
species), followed by siites 05 and 07 (48 and 47 species respectively), whereas in
sites 21 and 06 present a total of 39 and 43 species respectively. Conformingly to the
CTG-method, the Simpson index with RB-method is very high at all sites, ranging from
0.95 at the site 02, to 0.92 and 0.91 at the sites 21 and 07, and 0.89 at the sites 05
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and 06. Also, the Shannon's index maintains a similar trend along the transect,
decreasing from the site 02 (3.41) to the site 07 (2.96), and the Equitability J shows a
similar trend of Shannon’s index, with value varying from 0.82 (site 02) to 0.76 (site
07_Table 3).

The vertical distribution of living foraminifera at the site 02, for both labelled methods,
shows a general low density compared to the other sites, with a clear discrepancy of
the vertical distribution between the two applied methods. The foraminiferal
assemblages are distributed down to 7 cm in CTG-labelled samples, and 10 cm for
the RB-labelled ones (see figure 8-9). The most abundant species are Pullenia
bulloides and Melonis barleeanus (Plate I-1l) in the fraction 150-500 ym and
Psammophaga arctica in the fraction 63-150 um. Whereas the RB samples highlight
also the presence of the mono/polythalamous agglutinated species Lagenammina
difflugiformis and Hormosinella guttifer in the fraction 150-500 um, and the species

Alabaminella weddellensis in the fraction 63-150 um.

At the inner sites 21, 05, 06, and 07, the discrepancy in the vertical distribution of the
foraminiferal assemblages is also maintained (down to 7 cm for the CTG method, and
10 cm for the RB method). The most abundant species, for both methods, in the
fraction 150-500 um are Nonionellina labradorica and Globobulimina auricularis (Plate
I-11). In addition, at site 05 there is a consistent presence of polythalamous calcareous
species Islandiella helenae and Pullenia bulloides. However, the monothalamous
organic-wall species Micrometula sp. and Cilindrogullmia like, the polythalamous
calcareous Nonionella auricula and the agglutinated genus Reophax dominate the 63-
150 ym fraction. In addition, the RB-stained protocol highlights the presence of the
polythalamous calcareous Bolivinellina pseudopunctata (all inner sites) (Plate II),
Alabaminella weddellensis and Buccella frigida at site 21, and the polythalamous

agglutinated Adecortryma glomeratum at sites 21 and 07.

A few species, N. labradorica, G. auriculata, and R. scorpiurus (Plate I-lI-lll), are
representative of the fraction > 500 ym recovered at all sites and using both methods,
although there is a clear discrepancy in their vertical distribution (uppermost 5 cm)
using the two labelled methods (CTG and RB). Also, the average living depth (ALD10)

clearly indicates that the living depth of benthic foraminifera is shallower with CTG
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method (value ranging between 0.5-3 cm) compared to the RB method (values varied
from 1.5 to 4 cm) (Table 3 and Figure 8-9).

3.6 Statistical analysis

The ANOSIM test applied to the abundance of CTG-labelled foraminifera shows
significant pairwise comparisons between the outer (site 02), the inner (sites 21, 05
and 06), and Northern channel (site 07) (R = 0.14 and p < 0.0007). Likewise, for RB
labelled foraminifera, the test reveals significant differences in the foraminiferal

assemblage among the three areas (global R = 0.176, p < 0.0001).

As we will explain in the discussions, the CTG-stain appears to be the best method to
obtain information about living foraminiferal distribution in the Kveithola Trough then,
in the following, most of the discussion will consider the CTG-labelled assemblages
only. The site’'s taxon abundances were plotted against environmental variables
including water depth, sediment grain size, and percentages of bioavailable Carbon
(BAC), biopolymeric Carbon (BPC), and benthic pigments (Figure 10). A clear
separation between the sites is visible. Site 02 is characterized by sandy sediments
with prevailing monothalamous organic-wall species P. arctica and polythalamous
calcareous foraminifera as C. reniforme, P. bulloides and M. barleaanus. At site 05,
there is a clear correlation between the most abundant species (e.g., B.
pseudopunctata, R. fusiformis, |I. helenae and L. difflugiformis) and the quality of
organic matter (BPC and BAC). Site 06 is characterized by high concentration of Feo
with dominance of the monothalamous organic foraminifera Cylindrogullmia-like.
Finally, another important correspondence links the presence of fine-grained
sediments characterising sites 07 and 21, with the high organic matter concentration,
especially of benthic pigments, and the dominance of foraminifera species such as G.

auriculata and N. labradorica.
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4. Discussion

4.1 Foraminiferal assemblages of the KveitholaTrough
4.1.1 Comparison of staining methodologies

Before we start to discuss our results, we want to draw the attention to the differences
we observed by applying the RB and CTG methodologies. In most ecological studies,
foraminifera are recognised as living by staining with RB that, unfortunately, is not a
very efficient method for its capacity to react with protein which persists in the
cytoplasm for a long time after death (Bernhard et al., 2006), especially in anoxic
sediments, where the protoplasm or the organic matter decay may be relatively slow.
On the contrary, the CTG method (Bernhard et al., 2000) allows us to distinguish with
much more detail between living and dead individuals. In fact, CTG produces
fluorescent products after modification by intracellular esterases that, after the cellular
death, are decomposed in a few hours or days depending on the environmental
conditions (Bernhard et al., 2006). However, the CTG only works in relatively shallow
settings where foraminifera remain alive and active when recovered, in fact, at greater
depths (>2000-3000 m) most forams will not survive when brought to the sea surface,
and so CTG will not work. Moreover, it is also more expensive than RB and requires
the use of a fluorescence binocular microscope for sorting, whereas RB is cheaper

and easier to use.

The comparison between CTG and RB methods in this study reveals that the RB
staining evidences a higher number of living foraminifera in all cores and all depth
levels with respect to CTG method (Figure 8-9). Previous studies, as in the
experimental approach by Pucci et al. (2009) or the deep-water sediment cores
analyzed by Bernhard et al. (2006), already demonstrated the discrepancy in density
determinations between the two methods. Bernhard et al. (2006), however, clarified
that the conditions and species used in their study may not be representative of all
foraminiferal species and environmental conditions. In this regard, Figueira et al.
(2012), in their study for the identification of live agglutinated foraminifera from New
Zealand salt-marsh, reported that the RB performed as well as CTG and no strong
density differences were observed. They reported as a possible explanation the fact

that the cytoplasm of dead foraminifera takes longer to degrade in lower temperature
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of deep-sea environments compared to warmer salt-marsh habitats, where aridity
could reduce the water level promoting oxidation and degradation of cytoplasm.

In our samples, although considerable differences in the vertical distribution and
presence absence of benthic species are observed using different labelling methods,
the RB method detects a deeper distribution of the living species, probably due to
inferences with the increase of organic matter accumulation and the consequent
reduction of oxygen content. Consequently, also, the average living depth obtained is
deeper (Table 3). The CTG method shows mainly an epifaunal and superficial infaunal
foraminiferal microhabitat, whereas in the RB method prevailed a superficial and deep
infaunal behaviour at all sites. This difference is more evident at site 21 (central part
of Kveithola Trough). In addition, almost all abundant species of the CTG labelled
cores are well represented also in the RB-stained cores, but some of the most
abundant RB species are less represented or even absent in the CTG labelled cores
(Figure 8, 9). This fact is particularly evident in the smaller size fraction 63-150 pm.
For example, the polythalamous calcareous species Alabaminella weddellensis, the
polythalamous agglutinated species Adercotryma glomeratum and Textularia aerlandi
(Plate 1l), and the polythalamous calcareous species like Astrononion hamadaense,
Buccella frigida, Melonis barleeanus, and Trifarina spp. Some of these species are
reported among the most abundant dead foraminiferal assemblages of the Kveithola
Trough spanning the last ca. 50-150 years of the same sites (Sojo-Gamboa et al.,
submitted). This fact suggests, as stated by Bernhard et al. (2006), that RB stains
dead specimens for months to even years, creating false positives that might affect
the ecological interpretation. Moreover, the oceanographic conditions of the arctic
Kveithola Trough, the high sedimentation rate, and the rapid burial, lead to an increase
of the organic matter accumulation and preservation. As a consequence, the organic
matter decay is slow in the foraminiferal shells, causing the foraminiferal abundance

overestimation.

Therefore, the data presented above suggest that the RB method has to be used with
caution, while CTG results appear more reliable. In the next paragraphs, we will
discuss more in detail the CTG assemblages (in terms of density, taxonomic
composition and vertical distribution) and their relationships to the environmental
conditions (oceanography and trophic status) of this area.
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4.1.2 Significance of density, taxonomic composition, and vertical distribution
of foraminifera (CTG-labelled) at the Kveithola Trough

Changes in the benthic foraminiferal fauna distribution strongly depend on organic
matter and oxygen availability, redox chemistry, bottom currents, and/or the interaction
between these parameters (Murray, 2006). Further, in sediment inhabited by
macrobenthic communities, the vertical zonation of living foraminifera can be affected
by bioturbation (Bouchet et al., 2009). Our data evidence that the faunal distribution
varies significantly along the main longitudinal transect of the Kveithola Trough despite
its short length. The statistical ANOSIM and CCA analyses indicate significant
differences in the composition of foraminiferal communities between three zones
(Figure 10): the outer Kveithola Trough (site 02); the central area of the Trough (main
and minor drifts) and the Northern Channel (sites 05, 06 and 07 respectively); and site
21 located close to the Main drift. Furthermore, foraminiferal density, species richness,
and composition show remarkable differences among these zones, concerning their

size with small foraminiferal assemblage (63-150 ym) dominating at all studied sites.
4.1.2 The outer Kveithola Trough (site 02)

The warm and saline AW transported northward by the WSC, dominates the outer part
of the Kveithola Trough (400—450 m bsl), which is also the deepest studied area. The
WSC sweeps the outer seafloor removing the fine sediment fraction, as indicated by
the lithology of core 02 (see also Caricchi et al., 2018), contributing to maintain a well-
oxygenated environment that is reflected by the high biodiversity of the foraminiferal
assemblage (Table 3). Such persistent hydrodynamic processes do not favour the
accumulation of the organic matter reducing the faunal abundance (171 ind./10cm?,
Figure 6a). In fact, during the oceanographic survey, ocean currents at 40-50 m above
the seabed had speeds between 0.08 and 0.10 m/s depending on the tidal conditions,
and they could be reasonably higher during specific events (i.e., strong atmospheric
perturbations, density driven currents during winter sea-ice formation). The BPC, BAC,
and the algal carbon contribution to BPC values (Table 2) indicate lower bioavailability
of sediment organic carbon, leading to a poor sediment oxygen consumption by
benthic communities (e.g., Pusceddu et al., 2009). These low values might be related
to persistent hydrodynamic processes that inject more refractory organic matter pools,

like carbohydrates, in the bottom layer (e.g., Pusceddu et al., 2016) but may also be
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related with a reduced primary production phase as suggested from the analyses of
Chl-a average distribution from satellite images (Figure 4). Previous studies conducted
by Witodarska-Kowalczuk and Pearson (2004), demonstrated that also in the food-
limited Arctic Ocean sediments, the levels of primary production and food supply can
shape foraminiferal assemblages both in terms of species composition and standing

stocks.

At station 02, the abundance of foraminifera decreases linearly with the depth in
sediment, and the fauna is characterised by high biodiversity epifaunal specimens
(ALD10=1.06 cm, Table 3) adapted to poor food quality. Therefore, the foraminiferal
epifaunal-shallow infaunal microhabitat is interpreted as a better response of
individuals to exploit the available food and oxygen from the bottom water (e.g.,
Schonfeld et al., 2002; Jorissen et al., 1995). The faunal density is low (171 ind./10cm?,
Figure 6a), and the most abundant species is the monothalamous organic
Psammophaga arctica (Figure 8), particularly in the intermediate and deep layers of
the fraction 63-150 um. Several authors consistently reported the presence and
dominance of Psammophaga morphotypes, behaving as an opportunist taxon. Among
them, Sergeeva et al. (2010) reported its presence from hypoxic and sulphidic settings
near active methane seeps in the Black Sea, whereas Larkin and Gooday (2004)
described Psammophaga sp. from an intertidal site on the southern coast of England.
We suggest that in the Kveithola area, this species displayed an opportunistic
behaviour in response to low quality of organic carbon pulse, differently to what was
stated by Sabbatini et al. (2012). The other abundant species Cassidulina reniforme
is, instead, often associated with low temperature and seasonal ice cover in different
areas of the Barents Sea (Hald and Korsun, 1997; Polyak et al., 2002; Saher et al.,
2009; 2012). Interestingly, other monoyhalamous species such as Micrometula sp.
and Cylindrogullmia-like (Plate 1) are represented only in the fraction 63-150 um. Other
species, i.e., P. bulloides and T. angulosa are representative species of the fraction
150-500 um at site 02 (Figure 8) and are opportunistic species that respond to pulsed
phytodetritus supplies (Korsun et al., 1995; Wiodarska-Kowalczuk, 2012; Rasmussen
and Thomsen, 2017).

4.1.3 Main, Minor drift, and Northern Channel (sites 05, 06, and 07)
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This inner area undergoes continuous fine-grained sediment deposition under the
transport by bottom currents linked to the inflow of the WSC having a general anti-
clockwise circulation in the trough (enters the trough in the south-western area and
flows out in the north-western). The bottom current is periodically refilled by fine
grained sediments transported into the system by dense waters coming from the north-
east (Lantzsch et al., 2017). In the inner area our data evidenced high nutritional
quality organic matter input to the seafloor (i.e., BAC and Chl-a Table 2) related to cold
and less saline Arctic Water input. Indeed, organic matter analyses showed that, in
both the Drift area and the Northern Channel, the organic carbon load considered as
BPC is comparable to values typically encountered in eutrophic systems varying from
4.5 mg/g to 6.9 mg/g (e.g., DellAnno et al., 2002), and that the BAC concentration is
higher than in the outer part (Table 2). The algal blooms in this area are determined
by the increasing nutrient availability due to seasonal melting of the ice and are more
intense in the vicinity of the ice, therefore towards the continent (in our case towards
the inner area). However, during the year 2016, no seasonal sea-ice was observed in
the Kveithola area. Instead, on-board meteorological observations and the analysis of
the ECMWF-ERAS meteorological data (air temperature, wind speed, and direction)
averaged for the study area (Figure 11), evidence that the survey took place in a period
characterized by calm weather conditions. In addition, from the time series in figure
11, it is evident that the air temperature remained permanently above 0 °C since mid-
May 2016, and that the only significant northerly wind event (> 10 m/s) that caused a
drop in air temperature and water mixing, occurred in early June, i.e., a few weeks
before our passage. This fact, which triggers nutrient upwelling of the water column
promoting algal blooms in summer, may help to explain the higher Chl-a concentration

over the Barents Sea observed from satellite data in June 2016 (Figure 4).

Such oceanographic and biogeochemical conditions explained above, may justify the
decreased diversity (Table 3) and a community structure dominated by fewer,
specialised taxa with high density (Figure 8), observed in these sites. For example,
species such as Nonionellina labradorica, Nonionella auricula, G. auriculata, and
Reophax fusiformis (Figure 8) (Plate I-1I-1ll) dominate the foraminiferal assemblage
and highlight the presence of an organic-rich sediment and oxygen-depleted
environments. Despite this, there are many studies in other areas of the Barents Sea

that reported the decreasing of these species for cold water species (Saher et al.,
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2009; 2012). The calcareous species N. labradorica, typical of the size fraction 150-
500 um, is replaced by the species N. auricula in the finest fraction (63-150 um). A
high percentage of agglutinated species including monothalamous and polythalamous
taxa, is also recorded (Figure 7). Their abundance, in the Arctic Ocean, is on a regional
scale related to carbon flux (Wollenburg et al., 2007). The most abundant species are
R. fusiformis, R. scorpiurus, and Lagenammina difflugiformis (Plate IIl), which are
opportunistic species exploiting enhanced food conditions, and also tolerant to hypoxic
environments (Ernst and van der Zwaan, 2004; Caulle et al., 2015). Furthermore, L.
scottii is also considered an indicator of benthic eutrophication in shallow waters (e.g.,
Sabbatini et al., 2012) and together with R. scorpiurus, they are representative of high
sedimentation rate in the arctic region (e.g., Murray, 2006; Jernas et al., 2018; Fossile
et al., 2020) and in canyons (e.g., Di Bella et al., 2017 and references therein). In

addition, these two species are only represented in the fraction 63-150 pm.

Interestingly, in the fraction 63-150 ym, delicate foraminiferal monothalamous taxa
(organic-walled allogromiids, agglutinated saccamminids, psammosphaerids and
tubular forms) are reported from all sites with a high percentage (Figure 7); the
dominance of Micrometula and Cylindrogullmia morphotypes is observed, inhabiting
typically the detritical layer of Arctic fjords. They have an elongated, and thread-like
form that tends to be more common in deeper sediment layers. Micrometula seems
dependent on fresh phytodetritus (Alve, 2010) while Cylindrogullmia lives in an

extremely oxygen-deficient environment (Gooday, 2002).
4.1.4 Main drift (site 21)

A peculiar case is site 21, located at the north-western boundary of the Kveithola Main
drift at the foot of a transverse GZW (Figure 12). Contrary to expectations, both
foraminiferal abundance and diversity at this site are low (112 ind./10 cm? and 26
species, respectively) compared to the other inner sites (Figure 8 and Table 3). The
foraminifera are concentrated only in the first centimetres of sediment (ALD10= 1.09
cm), characterized by oxidized, reddish sediments (Figure 5). Below 1-cm, the colour
turns black due to sulphate reduction in organic-matter-rich sediments (strong smell
of H2S). In such conditions, the absence of foraminifera suggests a eutrophic and

anoxic environment not suitable for their colonisation.
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Based on the oceanographic characteristics, different water masses affect the vertical
stratification in the inner Kveithola, particularly in its northernmost part. The deep layer
is influenced by cold and dense Arctic waters originating from sea-ice formation. Such
waters are transported southwards by the ESC. The intermediate layer is instead
mainly occupied by AW, while the surface is influenced by fresher water due to the
sea-ice melting. This persistent stratification, interrupted only by strong meteorological
events and local amplification of the oceanic currents due to e.g., tidal influence and
bathymetric constraints, could reduce the vertical gas exchanges at the sediment-
water interface leading to fast oxygen consumption by bacteria and consequent
sediment anoxic conditions and lower availability of organic matter to benthic
communities (Heinz et al., 2005; Pusceddu et al., 2009). On the contrary, local mixing
events can lead to the oxygenation of the deep layer which manifests in the deposition
of light-coloured sediment. We therefore infer that at the time of our passage, the
oceanographic conditions reflected oxygenated conditions and it may explain the

sedimentological observation reported above.

As for the foraminiferal assemblage we infer that the benthic foraminiferal community
decrease in terms of abundance (112 ind./10 cm?), biodiversity (26 species), and
distribution correlates to the stressful environmental conditions characterizing the
subsurface sediment. The fraction 500-150 ym, dominated by infaunal species like N.
labradorica at a shallower depth, is therefore a reaction to these conditions leading
foraminifera to migrate upward in the sediment. In fact, previous studies (Alve et al.,
1990; Cedhagen, 1991; Mityaev et al., 2005) reported the presence of N. labradorica
in the Arctic areas associated with high primary productivity, significant influx of
organic matter to sediments, and occasional oxygen deficiency. Bernhard (1999) and
more recently Jauffrais et al. (2018) defined N. labradorica as a kleptoplastic species.
In fact, these species sequester plastids that provide an unknown metabolic
advantage that permits the foraminifera to reside in these habitats. Furthermore, the
dominance of polythalamous calcareous species G. auriculata (Plate I-11), justify the
stressful area conditions. In fact, Globobulimina spp. have been found deep in the
sediments within or below the oxic-anoxic interface and referred to deep infauna in
many meso-eutrophic settings (Fontanier et al., 2002; Licari et al., 2003; Koho et al.,
2008). Therefore, we could hypothesise that the first centimetres of site 21, which differ



716  from the lower part of the core, correspond to a rapid turnover of opportunistic
717  foraminiferal species able to consume the refractory component of the organic matter.
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5. Conclusions

This work analyses the living benthic foraminifera of the Kveithola Trough. Our data
evidence that the faunal distribution varies significantly along the main longitudinal

transect of the Kveithola Trough despite its short length.

Moreover, the analysis of the benthic foraminiferal assemblage compared to the
sedimentary and oceanographic features, and the organic matter content in the
Kveithola Trough (NW Barents Sea) evidence that one of the main determining factors
in the spatial distribution, density, and species composition of the benthic foraminiferal
community is the supply of organic matter and its quality. In the outer site 02, the low
bioavailability of sediment organic carbon and high hydrodynamism, which can
enhance sediment resuspension injecting in the bottom water organic matter pools
more refractory in nature (e.g., carbohydrates), are reflected by the low density (171
ind./10 cm?) but high biodiversity (37 species) characterising the microfauna. The
fauna is dominated by the monothalamous organic species Psammophaga arctica,
and the polythalamous calcareous species Cassidulina reniforme, Pullenia bulloides,

and Trifarina angulosa.

Instead, the inner trough represents a eutrophic area, where the morphological and
oceanographical patterns still influence the composition and accumulation of organic
matter. In fact, the inner part is characterized by high metabolizable compounds and
opportunistic species. The latter are associated with organic-rich sediment and
oxygen-depleted environments and are dominated by Nonionellina labradorica,

Nonionella auricula, Reophax scorpiurus and fusiformis.

Particularly, at site 21 where foraminifera present low abundance and low diversity
(112 ind./10 cm? and 26 species, respectively), they are concentrated only in the first
sediment centimetre (ALD1o= 1.09). Here, the rapid changes of the oceanographic
properties and the geo-morphological characteristics, lead to a rapid burial and
accumulation of organic matter. Therefore, there is a light sediment colour in the first
centimetres. The portion below instead, shows a darker colour typical of organic matter
enriched sediment and is devoid of living foraminifera, suggesting a eutrophic and

anoxic environment that foraminifera cannot colonise.
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Moreover, the results of this study allow us to describe the Kveithola Trough as a
eutrophic hot-spot due to high primary and secondary production and high nutrient
rates that reach the benthic community. These, added to peculiar environmental

conditions, shape the living benthic foraminiferal structure.

Finally, the comparison between RB and CTG labelling, strengthen the CTG method,
as the more appropriate technique to document the vitality of foraminiferal
assemblages also in the Kveithola Trough, where low temperatures and food-
rich/oxygen depleted sediments can preserve foraminiferal cytoplasm long after death.
The observed discrepancy between the RB and CTG density, confirms that RB

method commonly overestimates living foraminifera.
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