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ABSTRACT

Antarctica and its coastal systems are highly sensitive to climate change, with rapidly evolving environmental conditions affecting benthic ecosystems. This study
presents a detailed analysis of living benthic foraminiferal communities in Edisto Inlet (Ross Sea, Antarctica), a poorly explored coastal area. We investigated the
spatial distribution of foraminiferal assemblages and their relationship with environmental variables, including sedimentation rate, redox potential, organic matter
content, and bottom currents. By integrating foraminiferal, sedimentological, and oceanographic data, three distinct environmental zones were identified within the
inlet, revealing pronounced ecological gradients: outer (station 180), middle (station 24), and inner (station 34). The outer zone exhibited high-energy conditions,
well-oxygenated sediments, and diverse, abundant communities dominated by calcareous species Trifarina angulosa, monothalamous morphotypes Micrometula sp.,
and agglutinated taxa (Miliammina arenacea, Portatrochammina antarctica). The middle section, characterized by moderate sedimentation and suboxic conditions,
supported lower diversity and abundance, with agglutinated species (Paratrochammina bartrami, Portatrochammina antarctica) and monothalamous taxa (Tinogullmia
sp., Psammophaga magnetica) thriving in organic-rich sediments. The inner zone presented low-energy, highly hydrated sediments with strong microbial activity, a
markedly reduced redox potential, and suboxic to anoxic conditions, where opportunistic calcareous (Globocassidulina biora, Globocassidulina subglobosa, Bolivinellina
pseudopunctata) and monothalamous species (Psammosphaerid spp., Hippocrepinella hirudinea) persisted. Overall, our findings emphasize the strong link between
benthic foraminiferal assemblages and local physico-chemical conditions, providing essential ecological baselines for Antarctic fjord systems. By demonstrating the
responsiveness of living foraminifera to environmental variability, this study offers valuable insights into present ecosystem functioning and the implications of
ongoing climate change for polar coastal environments.

1. Introduction

Antarctica and the Southern Ocean play a crucial role in regulating
Earth's atmospheric and oceanic systems, making them essential com-
ponents of global climate dynamics. The Antarctic Circumpolar Current
(ACQ) drives global ocean circulation, redistributing heat, nutrients, and
oxygen, and facilitating carbon dioxide uptake and deep-ocean seques-
tration (Sabine et al., 2004; Hauck et al., 2015; Rogers et al., 2020;
Lombardi et al., 2021). Climate change has been a major external driver
of the drastic transformations observed in Antarctica (Clem et al., 2020;
Stammerjohn and Scambos, 2020). In particular, the West Antarctic
Peninsula is widely known to be one of the fastest warming regions on
Earth, with an increase in some regions of 1.09 °C per decade in winter
and a total increase in mean annual air temperatures of around 2.8 °C
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over the last century (Vaughan et al., 2003; Turner et al., 2005; Brom-
wich et al., 2014, 2025; Turner et al., 2021). As ice sheets and glaciers
continue to melt at an accelerating rate, the influx of freshwater into the
ocean disrupts salinity levels, affects ocean currents, and triggers
cascading impacts on marine ecosystems and global climate patterns.
Among the most sensitive marine organisms are foraminifera, an
abundant group of single-celled eukaryotic organisms that live in all
aquatic environments (Murray, 2006). Their large abundance, combined
with sensitivity to the environmental conditions and long-term preser-
vation in sediments, makes benthic foraminifera a widely used proxy to
reconstruct paleoceanographic and paleoclimatic changes (Murray,
2001; Gooday, 2003; Gooday and Jorissen, 2012; Saraswat et al., 2017).
In Antarctica, many studies have analysed living and fossil assemblages
across sites such as Terra Nova Bay, the Larsen Ice Shelf, Admiralty Bay,
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and the Ross Sea, revealing their paleoenvironmental significance
(Violanti, 1996; Murray and Pudsey, 2004; Majewski et al., 2005;
Majewski and Anderson, 2009; Majewski, 2010; Capotondi et al., 2018,
Capotondi et al., 2020; Majewski et al., 2020; Galli et al., 2023).
Although numerous studies have examined dead foraminiferal assem-
blages (thanatocoenosis) for reconstructing past environments, fewer
and only recent works have focused on living communities (biocoe-
nosis), which are crucial for understanding present-day ecosystem dy-
namics. This knowledge gap is particularly evident in certain Antarctic
coastal environments, such as Edisto Inlet. Recent ecological approaches
have emphasized the value of benthic foraminifera as indicators of
environmental change, capable of recording ecosystem responses to
both natural and anthropogenic disturbances (Murray, 2014). Their
distribution reflects multiple environmental parameters—such as
organic matter availability, pH, oxygen levels, and current dynamics
(Lutze and Coulbourn, 1984; Altenbach, 1992; Alve and Bernhard, 1995;
Gooday and Rathburn, 1999; Van der Zwaan et al., 1999; Ernst et al.,
2002; Ernst and van der Zwaan, 2004; Ernst et al., 2005; Ernst et al.,
2006). However, the controlling factors vary regionally. In Antarctica,
for example, several studies have identified the main drivers of fora-
miniferal distribution as variations in water masses with depth, seasonal
sea ice melt, bottom current activity, and levels of primary productivity
(Anderson, 1975; Milam and Anderson, 1981; Massom and Stammer-
john, 2010; Majewski and Anderson, 2009; Capotondi et al., 2018).
Furthermore, studies conducted in the Ross Sea have shown that the
preservation of calcareous species is limited by the shallow depth of the
Calcite Compensation Depth (CCD), a result of low temperatures and
high salinities, which favor the solution of CaCO3 and, possibly, high
concentrations of COz (Kennett, 1966; Anderson, 1975; Capotondi et al.,
2018).

In this complex ecological framework, benthic foraminifera,
including monothalamids, have emerged as key components of Ant-
arctic benthic ecosystems. Monothalamous foraminifera, although often
overlooked in paleoenvironmental studies due to their fragile tests and
limited preservation in sediment records, are among the most abundant
and ecologically diverse groups in soft-bottom polar habitats (Gooday
et al., 2004; Majewski et al., 2007; Sabbatini et al., 2007). These single-
chambered forms show high adaptability to environmental gradients
such as organic matter availability, oxygen levels, and sediment texture,
and often dominate in glacially influenced and high-latitude environ-
ments (Caridi et al., 2021; Sabbatini et al., 2023; Fossile, 2022). Some
opportunistic monothalamous species are among the first to colonize
disturbed sediments, providing insights into the recovery and dynamics
of benthic communities following environmental stress or disturbance
events (Pawlowski et al., 2008; Gooday and Jorissen, 2012). Their
presence and distribution can thus provide valuable insights into
present-day ecosystem functioning and the response of polar benthic
organisms to environmental change. A comprehensive ecological
approach that includes polythalamous calcareous, agglutinated, and
monothalamous taxa not only allows a more detailed characterization of
benthic foraminiferal community structure, diversity, and composition,
but also enables the identification of key environmental drivers shaping
these communities. By integrating species-specific responses with
quantitative measures such as abundance and distribution patterns,
ecological analyses can detect subtle environmental gradients and early
signals of stress or disturbance that might not be captured by physical or
geochemical measurements alone. This approach is particularly critical
in poorly explored coastal Antarctic systems, where baseline ecological
data are scarce, and the establishment of reference conditions is needed.
Understanding how benthic foraminiferal communities respond to nat-
ural variability and anthropogenic pressures provides a framework for
predicting future ecosystem changes and assessing ecosystem resilience.
In this context, ecological analyses offer a robust and complementary
tool for monitoring environmental change over time, informing con-
servation strategies, and supporting broader efforts to model polar ma-
rine ecosystems under climate-driven shifts.
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Fig. 1. Map and bathymetric reconstruction of the Edisto Inlet with the three
sites (station 180, 24, 34), investigated in this work.

Therefore, the present work aims to study and characterize the as-
semblages of living benthic foraminifera located in the area of Edisto
Inlet and analyze their response in relation to different environmental
variables (sedimentation rate, temperature, pH, redox conditions (Eh),
organic matter content, and bottom currents). In addition, this study will
allow us to fill current knowledge gaps regarding the presence and
distribution of benthic foraminifera in this area, a region of Western
Antarctica that is still poorly studied from an ecological perspective.

2. Materials and methods
2.1. Area of study

Edisto Inlet is a small fjord located in the northern Victoria Land
coast (Fig. 1), enclosed between the Hallett Peninsula and Cape Christie.
It is 15 km long and 4 km wide, reaching a depth of about 600 m with a
reverse slope with the shallower part pointing toward its entrance,
where it reaches a depth of about 100 m and connects to the Moubray
Bay (Battaglia et al., 2024). The area is characterized by distinctive
oceanographic conditions and strong seasonality in sea-ice cover, which
typically forms during the austral winter and reaches its maximum
extent between August and October, with a minimum in February (Falco
et al., 2024). Circulation within the fjord is influenced by a double-layer
stratification at its entrance, with a thermocline/halocline/pycnocline
between ~50 and 150 m depth, and by a gyre-like circulation pattern,
with south-southwestward flow along the western flank and north-
—-northeastward flow along the eastern flank (Battaglia et al., 2024).

At the broader Ross Sea continental shelf scale, ocean circulation is
governed by the interaction between locally-formed dense shelf waters
and intrusions of modified Circumpolar Deep Water (mCDW), which

Table 1
Sampling sites position and depth about the multicorer (MUC) sampled stations
180, 24, 34.

MUC Station Latitude (°N) Longitude (°E) Depth (m)
180 —72.2941 170.1464 419
24 —72.3081 170.0560 475
34 —72.3485 170.0139 496
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transports relatively warm and saline waters onto the shelf (Smith Jr
et al., 2014; Castagno et al., 2017). These intrusions may play a sec-
ondary role in polynya formation, which, as is well known, is primarily
controlled by atmospheric forcing, coastal geometry, and sea-ice dy-
namics. Furthermore, continuous ice production within these polynyas
leads to strong surface cooling and brine rejection, driving the formation
of High Salinity Shelf Water (HSSW), a key precursor of Antarctic Bot-
tom Water (AABW)(Orsi and Wiederwohl, 2009; Kohut et al., 2013; Xu
etal., 2021; Xie et al., 2025). The inflow of nutrient-rich mCDW onto the
shelf promotes high primary productivity, sustaining local marine eco-
systems, while HSSW and AABW play a key role in the global thermo-
haline circulation, deep ventilation, and climate regulation (Orsi et al.,
1999; Johnson, 2008; Silvano et al., 2023; Ainley et al., 2024).

2.2. Sample acquisition and storage

Sediment samples for this study were collected between 9 and 14
February 2023 on board the R/V Laura Bassi, during Leg 2 of the PNRA
XXXVIII Antarctic Expedition, as part of the LASAGNE project. Undis-
turbed surface sediments were retrieved from three sites (stations 180,
24, and 34 _Fig. 1 Table 1) using an Oktopus MC08-12" series multicorer
(12 tubes, @ 100 mm x 610 mm). At each site, eight replicate cores
(MUCGs) were collected for different analytical purposes. Specifically, for
the present study, two cores (R1 and R2) from each site were analysed
for living benthic foraminiferal assemblages, one core (R3) was used for
pH and redox potential measurements, and one core (R4) for magnetic
susceptibility analysis. The sediment cores, not processed on board,
were stored at +4 °C in an ISO20 refrigerated container and transported
to Italy for subsequent specific analyses.

2.3. Thermohaline properties and ocean current data

Hydrographic CTD (conductivity-temperature-depth) vertical pro-
files (reaching maximum depths of about 4-6 m above the sea floor)
were recorded at 61 stations with a Seabird SBE 911plus, equipped with
additional sensors for dissolved oxygen, fluorescence, and turbidity.
Data were collected both at the entrance of the Edisto Inlet, which was
still partially covered by seasonal sea ice (the sea ice opening of the inlet
is highly variable), and in the interior of the inlet.

Two lowered L-ADCPs (Workhorse I Teledyne RD Instrument, 300
kHz, up and down looking) were deployed together with the CTD-
Rosette system at each CTD station. A total of 58 L-ADCP profiles
were recorded with vertical bins every 5 m.

CTD raw data were converted, processed, and quality controlled
using the SBE Data Processing software and MATLAB routines (The
MathWorks Inc., 2024). Derived variables (i.e., potential temperature 6
with reference to 0 dbar, practical salinity S, potential and neutral
density) were calculated from insitu data using the Ocean Data View
(ODV; Schlitzer, 2025) with the toolbox TEOS-10 (Gibbs SeaWater
Oceanographic Toolbox, www.teos-10.org/software.html). Dissolved
Oxygen concentration was measured using an SBE43 sensor. T and S
data were quality controlled and averaged every 1 dbar, with overall
accuracy within +0.002 °C for T, & 0.005 for S, and 2% of saturation for
oxygen. Fluorescence and turbidity in the water column were measured
with optical sensors WET Labs ECO-AFL/FL.

2.4. Parameters of sediment samples

At each site, pH and redox potential (Eh) were determined using pre-
calibrated Metrohm punch-in electrodes. Measurements were carried
out on board immediately after recovery, with a centimetric vertical
resolution. Magnetic susceptibility (MS, SI x 10~®) was measured on
replicate core R4 using an MS2F Surface Point Probe (Bartington In-
struments Ltd., UK), with a vertical resolution of 1 cm. In the laboratory,
sediment cores were split lengthwise into two halves. One-half was sub-
sampled at 1 cm intervals, and each slice was split into several aliquots
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for measurements of water content, biogeochemical, and stable isotope
analyses. The other half was photographed and X-rayed to identify
subtle sedimentary structures, variations in density and texture, and
signs of bioturbation, and was subsequently stored at 4 °C. Porosity (®)
and water content (%) were calculated by measuring the weight loss of
sediments dried overnight at 55 °C to constant weight, and assuming a
particle density of 2.5 g cm ™2 following Covelli et al. (2012). An aliquot
of the freeze-dried and agate-mortar powdered sample was acidified
with 1.5 M HCl, and subsequently analysed using a Thermo Fisher
Elemental Analyzer (FLASH 2000 CHNS/O) coupled with a Thermo
Fisher Scientific Delta Q isotope ratio mass spectrometer (IRMS) to
determine organic carbon (OC, wt%), total nitrogen (TN, wt%), and
stable carbon isotopes (SIBC, %o) (Tesi et al., 2012). The sediment
accumulation rates (SARs, cm year_l) were calculated based on a Con-
stant Flux: Constant Sedimentation (CF:CS) model applied on activity
measurements of the short-lived radionuclide?'°Pb (half-time, 22.3
years). The 21°Pb analyses were carried out by alpha counting of its
daughter isotope 21°Po, using a silicon barrier detector coupled with a
multichannel analyzer. 21°Po was assumed to be in secular equilibrium
with its grandparent 2?°Ra, following the procedure described in
Frignani et al. (2005).

2.5. Sample preparation for foraminiferal analysis

Two core replicates were analysed for each site for living forami-
niferal assemblages. On board, each core was vertically split into two
halves: one half was used for foraminifera analysis, while the other half
was used for storage of other types of analyses. The half used for fora-
miniferal studies was then horizontally sectioned onboard: every 0.5 cm
down to 2 cm depth, and then in 1 cm intervals down to 5 cm. The
sediment core collected samples have then been treated with Cell
Tracker Green CMFDA (CTG). CellTracker Green (CMFDA) is a molecule
that uses fluorescent probes to label living cells as it can permeate freely
through cell membranes (Bernhard et al., 2006; Pucci et al., 2009). Once
inside, it remains trapped due to an enzymatic reaction that makes the
compound unable to pass through membranes again. This process re-
sults in a permanent cell marking, allowing these cells to emit a bright
green fluorescence when hit by a source of light at right wavelength
(between 492 and 517 nm). The CTG labelled samples were then stored
at 4 °C after being fixed in a diluted 4% formalin solution buffered with
sodium tetraborate.

In the laboratory, sediment samples were washed with a 125 pm
sieve, and the residue was observed with a Leica M205 FCA stereomi-
croscope, equipped with a specific set of fluorescence light filters (Plates
L, II, and III). Each stained foraminifera was picked, counted, and sorted
manually using a brush. Only specimens with at least one or more
chambers with a notable degree of fluorescence were considered alive.
Fragments from agglutinated species, such as Reophax sp., Textularia sp.,
and damaged individuals, were included in the total count only if they
displayed sufficient fluorescence intensity; otherwise, they were
omitted. Species identification was conducted at the morphological
level. For hard test foraminifera, the taxonomy was based on reference
works by Mackensen et al. (1990), Igarashi et al. (2001), Gazdzicki and
Majewski (2003), Majewski (2013) and Galli et al. (2023). For mono-
thalamids, morphological identification followed the guidelines of
Pawlowski and Majewski (2011), Caridi et al. (2023), and Sabbatini
et al. (2004), among others used as references.

Quantitative data from all samples were standardized per 50 cm? of
sediment to calculate densities and relative abundances. The data ob-
tained from the two core replicates were averaged to obtain statistically
representative values for each site. Furthermore, both densities and
relative abundances have been evaluated in terms of vertical distribu-
tion and taxonomic composition in the sediment. In addition, species
were classified in groups based on test material (Agglutinated, Calcar-
eous, Organic) to assess potential adaptive advantages in different
environmental settings.
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Plate I. Epifluorescence microscopy photos of (a) Paratrochammina bartrami, (b) Portatrochammina antarctica, (c) Textularia earlandi, (d, e) Pseudobolivina antarctica,
(f) Trifarina angulosa, (g) Nodosaria sp., (h) Globocassidulina biora, (i) Quinqueloculina seminula, and (j) Cornuspira planorbis. Scale bar = 100 pm.

Overall densities (number of individuals/50 cm3) of each station
were converted into relative abundance for each species, highlighting all
taxa with a relative abundance of at least 3% considering individuals
from the whole samples. The remaining species that did not reach the
3% threshold fall under the “Total others” category.

The specific fraction corresponding to the 2-3 cm depth of the Sta-
tion 180 R2 sediment core could not be analysed due to problems
encountered during the sampling procedure.

2.6. Statistical data processing

Biodiversity indices (Simpson's Index, Pielou's Index) were

calculated using PAST v4.17 (PAleontological STatistics; Hammer et al.,
2001). Multivariate analyses were performed using the software R (R
Core Team, 2024), including Analysis of Similarities (ANOSIM; Somer-
field et al., 2021) to assess differences between or within sample groups,
Non-metric Multidimensional Scaling (NMDS; Clarke and Ainsworth,
1993) to visualize dissimilarities among samples, and cluster analysis to
group samples based on similarity.
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Plate II. Epifluorescence microscopy photos of (a) Recurvoides turbinatus, (b) Recurvoides contortus, (¢) Hormosinella ovicula fragment, (d) Leptohalysis scottii, (e)
Miliammina arenacea, (f) Glomospira charoides, (g) Lagenammina difflugiformis, (h) Ammovertellina sp., (i) Adercotryma glomeratum, (j) Ehrenbergina glabra, (k) Glo-
bocassidulina subglobosa, (1) Robertina artica, (m) Reophax subfusiformis, (n) Nodulina dentaliniformis, (0) Rosalina globularis, (p) Pyrgo oblonga, and (q) Melonis affinis.

Scale bar = 250 pm.

3. Results
3.1. Thermohaline properties

An overview of the thermohaline structure based on data collected in
February 2023 is compared with several profiles collected in the same
month in 2020 and 2022 (Fig. 2). The water column within the bay
remains largely stratified during austral summer, primarily due to the
influence of relatively low-salinity surface waters resulting from sea-
sonal sea ice melting, and to a greater influence of offshore waters,

whose entry into Edisto is facilitated by reduced sea ice coverage. The
stratification of the water column is further reinforced by the distinct
characteristics of the inlet waters, which differ from the main Ross Sea
water masses (Antarctic Surface Water, AASW, and Modified Circum-
polar Deep Water, MCDW), with only some properties of Modified Shelf
Water observed.

Surface layer conditions may vary interannually, likely in response to
changes in sea ice extent and melting patterns, as suggested by profiles
collected in 2020 and 2022 (Fig. 2). Complete mixing and homogeni-
sation of the entire water column occur during the austral winter season
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Plate III. Epifluorescence microscopy photos of (a) Conqueria-like sp., (b) Nodellum-like sp., (c) Elongated gromia, (d) Phainogullmia aurata, (e) Psammophaga

magnetica, (f) Micrometula sp., (g) Oval gromia, and (h) Vellaria-like sp..
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Fig. 3. Transect extending from the outer to the inner sector of Edisto Bay, encompassing sampled stations 180, 24, and 34: vertical section of the potential
temperature, salinity, fluorescence, dissolved oxygen and turbidity in February 2023.

(from July to November), as evidenced by oceanographic mooring data
at the entrance to Edisto Bay (Langone and The LASAGNE Team, 2024).

The vertical sections of thermohaline properties along the transect
extending in the alongshore direction from the outer to the inner sector
of the bay, and including all three sampled stations investigated in this
study (Fig. 3), show a highly stratified upper layer. A halocline (corre-
sponding to the pycnocline, see Fig. 4, protrudes to the depth of around
250 m, below which the water is much more uniform, and properties are
relatively constant. The uppermost stratified layer is relatively thin at
the head of the bay, and gradually widens, and deepens toward the
mouth, as the mixing with the surrounding waters takes place.

The specific physio-chemical parameters of the water column for the
three sampled stations (Fig. 4) are based on four CTD profiles. Two of
these profiles were collected near station 180 on different dates. All four
profiles exhibit similar trends in the physical parameters. In general,
temperature slightly decreases from the surface to the bottom, while
salinity and density increase. Below 250 m depth, salinity and density
become more uniform, with low vertical gradients.

Oxygen concentration shows a minimum near the surface, corre-
sponding to the low-salinity waters influenced by sea ice melt.
Maximum oxygen values are observed at around 50 m depth, after
which concentrations gradually decrease and remain relatively uniform
from 250 m to the bottom. These measurements indicate the presence of
a two-layer stratification: the upper layer, extending to approximately
250 m, is characterized by variable temperature and salinity, while the
deeper layer (>250 m) displays more uniform thermohaline properties
and dissolved oxygen concentrations (Fig. 4). Simultaneously, fluores-
cence and turbidity in the water column (from the CTD sensors) reach

maximum values in the upper layer, and only turbidity slightly increases
in the deep layers at stations 24 and 34. In addition, the first turbidity
profile acquired at station 180 (dark blue line) presents a peak in the
layer 0-100 m, which disappears approximately 22 h later (light blue
line). Horizontal current profiles gathered during CTD casts reveal
marked temporal and vertical variability (Fig. 4). At station 180, the
maximum current speed reachs 0.21 m/s at 75 m depth on the first day
of measurements. Current velocities are highest in the upper layer
(0.13-0.19 m/s), decrease markedly between 200 and 300 m (with a
local increase to ~0.10 m/s near 200 m), and range between 0.12 and
0.13 m/s in the deepest layer. The repeated profile shows an overall
reduction in velocity as well as a reduction in turbidity in the upper
layer. A maximum speed is 0.11 m/s at 120 m depth, minimum is 0.02
m/s, and near-bottom speed is 0.03 m/s. Local maxima and minima
occur out of phase with the previous profile — where the current is
strongest in the first cast, it weakens in the second, and vice versa —
further supporting the influence of short-term tidal variability. Near-
bottom current speeds are larger (0.13 m/s) during the first and
smaller (0.03 m/s) during the second measurement.

At stations 22 and 34, current profiles also exhibit vertical vari-
ability, although maximum velocities do not exceed ~0.10 m/s. In all
three locations, current speed does not vary uniformly with depth and
occasionally retains elevated values within the deep layers, suggesting
the influence of localized circulation cells or bottom-intensified flow.

These variations indicate that hydrodynamic conditions in the fjord
are influenced not only by thermohaline gradients but also by short-term
processes such as tidal forcing and inertial oscillations. Current velocity
and direction (not shown) vary throughout the water column, from the
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Fig. 4. Complete vertical profiles and zoom into the deepest layer (350-500 m depth) at stations 180, 24, and 34 collected in February 2023: potential temperature,
salinity, potential density anomaly, fluorescence, turbidity, dissolved oxygen, and current speed from CTD and L-ADCP data. The inset map shows the locations of the
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22 (for currents only) on 12 February at around 10 pm. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of

this article.)

surface to the seafloor, and considerable speeds (> 0.10 m/s) occur in
the deep layer, not only near the surface. Here, we report only instan-
taneous speeds at the time of sampling because the current flow peri-
odically changes direction, mainly due to baroclinic tidal variability
(with periods of about 24 and 12 h). For example, at station 180, in the
upper 100 m the flow is directed southward; between 100 and 200 m it is
mainly in the E-W direction; and in the deep layer between 300 and 400
m, it is again southward, with varying speed as shown in the profile
(Fig. 4). The currents at station 22 are directed opposite to those at
station 180, but direct comparison is not possible because speeds and
directions vary with tidal phase, and the measurements are not
simultaneous.

3.2. Geochemical and physical parameters

Geochemical and physical profiles for the three studied stations
reveal pronounced spatial gradients in sedimentation patterns, redox
conditions, and organic matter (OM) content and preservation (Fig. 5).

SAR varies significantly within the Edisto Inlet, with low values
calculated at the outer station 180 (0.073 cm/y), and a higher rate at the
mid fjord station 24 (0.169 cm/y). The 2!°Pb activity-depth profile of
core from the innermost basin (station 34) does not permit a reliable
estimation of the sediment accumulation rate, most likely due to a very
high particle flux.

MS is highest at the outer station (average MS = 583 at station 180),
decreasing progressively toward the inner station (average MS = 65 at

station 24, and average MS = 7 at station 34). Porosity values are lower
at the outer station 180 (average F = 0.53, 31% water content), where
recent sediments are dominated by a massive, dark olive-grey (Munsell
chart 5y 3/2), silty-sand component. Evidence of bioturbation is visible
within the first 4 cm. In contrast, porosity remains consistently high in
the two cores inside the fiord (average F = 0.85, 73% water content in
station24, and average ® = 0.96, 91% water content in station34). The
inner stations are characterized by highly hydrated, fine-grained
biogenic sediment. At Station 24, the recent sediments consist of alter-
nating patches of olive-colored mud (Munsell chart 5Y 4/3) and very
dark grey mud (Munsell chart 5Y 3/1), likely reflecting variations in the
diatom ooze content. At station 34, surficial sediments (upper 1 cm) are
olive colored (Munsell chart 5y 4/3), while deeper layers are uniformly
black colored (Munsell chart 5y 2.5/1), and emitted a strong hydrogen
sulfide odor. No sedimentary structures are visible in the upper-recent
sediment layers of the three stations, as confirmed by both photog-
raphy and x-ray profiles imaging (Fig. 5).

Eh values in the surface sediments are generally positive to slightly
negative within the surficial 5 cm at station 180 and station 24 (average
values of —30 mV and 8 mV, respectively), with the most positive values
recorded at the sediment-water interface at station 180 (lev. 0-1, 228
mV). In contrast, Eh values at station 34 are strongly negative, with
extremely low values already recorded in the surface sediments (—422
mV). This redox state remains essentially unchanged with increasing
sediment depth (average Eh = —449 mV), indicating strongly anoxic
conditions. The pH values at station 180 remain nearly constant
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Fig. 6. Depositional settings and OM degradation pathways. 5'C and C/N
ranges for organic inputs along the Edisto Inlet, identifying three distinct zones:
(i) an outer fjord zone, high energy, oxygenated reworking of low-reactivity
sediments, dominated by low fresh marine inputs and low diagenetic alter-
ation; (ii) a transitional mid-fijord zone influenced by both marine production
and early diagenetic processing; and (iii) an inner fjord zone, low-energy and
anoxic zone where OM is more isotopically depleted and degradation is slowed
by persistent reducing conditions. Top-bottom red arrow corresponds to
decreasing C/N values with increasing sediment depth; blue arrow indicates
decreasing burial efficiency toward the inner fjord. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web
version of this article.)

throughout the core (pH = 7.6 to 7.8), while at station 24, a slight

decrease in pH with sediment depth is observed (pH = 7.5 to 7.3). A
different situation is observed at station 34, where the pH reaches
weakly alkaline values (7.5-8.5) within the upper 4 cm of sediment,
before decreasing below that depth. OC content in sediments is generally
low throughout the study area. At station 180, OC concentrations are
lower (average OC = 0.3%), with relatively high C/N ratios (8.7). In
contrast, surface sediments at station 24 show higher OC content
(0.68%), which slightly decreased with sediment depth. C/N ratios are
lower and decreased with depth (from 7.3 to 6.9). Station 34 exhibits the
highest OC concentration in surface sediments (0.81%), with a sharp
decline at depth (down to 0.57%). C/N ratios start around 7.2 at the
surface and slightly decrease with depth to 6.8. The C/N ratio ranges
from ~7 to >9 across the sites, with the highest values in the deeper
layers of station 34 and station 180 (Fig. 5).

The 8'3C and C/N molar ratio data from the three stations along the
Edisto Inlet fjord reveal a clear spatial pattern that reflects the origin,
composition, and diagenetic state of sedimentary organic matter (OM),
identifying three distinct zones characterized by different depositional
settings and OM degradation pathways (Fig. 6). At the outer fjord zone,
represented by station 180, 5'3C values range from —21 to —23%o with
relatively high C/N ratios (8.1-9.3) (Meyers, 1997; Lamb et al., 2006).
At the transitional zone, represented by station 24, 5*3C values are more
depleted (—24.5 to —25%o), and C/N ratios are slightly lower (~7.14).
The inner fjord zone, represented by station 34, shows the most depleted
§13C values (—27.5 to —28.5%0) and C/N values also below 7.

3.3. Benthic foraminiferal fauna

A total of 2646 living individuals were found across all the samples
from all three stations; 63 different taxa were identified on the basis of
morphological features at the species level, when possible. Community
structures were evaluated based on different characteristics such as
density along sediment depth, taxonomic composition, morphology, and
biodiversity.

Densities of benthic foraminiferal fauna in station 180 reach the
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highest values out of all three stations, with 128 individuals/50 cm® at
the surface level (0-0.5 cm), showing a constant negative trend down-
core, reaching 67 individuals/50 cm? at 4-5 cm (Fig. 7). Instead, station
24 is characterized by lower amounts of individuals in the upper 0-0.5

10

em (8 individuals/50 cm®), with higher densities at the deepest levels
(4-5 cm; 87 individuals/50 cm®). Station 34 has the overall lowest
densities across all depths, moving from 22 individuals/50 cm?® at the
surface level (0-0.5 cm) to 12 individuals/50 cm® at 4-5 cm.
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Vertical distribution of the most abundant species (> 3%) across the
investigated stations is shown in Fig. 8. At station 180, the most abun-
dant species is Portatrochammina antarctica, accounting for 8.7% of the
total abundance, followed by Miliammina arenacea (8.3%), Pseudoboli-
vina antarctica (8.2%), Trifarina angulosa (6.9%), Nodulina dentalini-
formis (6%), and Paratrochammina tricamerata (3%). Among
monothalamous taxa like elongated allogromiids (5.4%), Psammos-
pheridae sp. (5.1%), and Micrometula sp. (5.3%) are also present.

In addition, Portatrochammina antarctica is present in sediments from
station 34 where it accounts for 13.5% of the total assemblage. An even
higher proportion is represented by another agglutinated species, Par-
atrochammina bartrami, which reached its highest relative abundance
(17%) at station 34. Pseudobolivina antarctica, another agglutinated
species, is also present and accounts for 10.3% of the total. Among the
calcareous species, Bolivinellina pseudopunctata (12%), Trifarina angulosa
(6.4%), and Globocassidulina biora (5.8%) are the most abundant. In
station 24, apart from two species P. bartrami (7.2%) and Porta-
trochammina antarctica (6.9%), soft-shelled taxa largely dominated the
assemblage. Psammophaga magnetica is the dominant species accounting
for 23.6% of the total abundance, followed by Psammospheridae sp.
(10.7%), Tinogullmia-like (7.2%) and Hippocrepinella alba (5%).

Benthic foraminiferal communities at three sites are generally
dominated by agglutinated species (Fig. 9). At station 34, agglutinated
species are less than 58% of the total benthic foraminiferal composition
below 1 cm depth. Agglutinated species comprise an average of 40% at
station 180, with a peak at 4-5 cm depth (85%). Station 24 differs from
the other because of the increasing abundance of monothalamids, which
exceeded 40% below 2 cm depth. Calcareous species also represent a
significant portion of the community, especially at station 180 (47% at
0-0.5 cm depth) and station 34 (64% at 0.5-1 cm depth) (Fig. 9).

3.4. Biodiversity indices and multivariate analysis

The highest number of individuals (standardized per 50 cm3) can be
found in station 180, counting up to 637 individuals and 51 different
species, followed by station 24 (193 individuals, 29 species) and station
34 (115 individuals, 23 species) (Table 2). Dominance (D) values are
overall low, values results <0.1 in all three sites. This is also confirmed
by Simpson's Index (D), resulting in relatively high values in all sites,
with station 180 being the highest (D' = 0.9541). Evenness index e/s)
increases progressively moving from station 180 (e"/S = 0.5696) to-
ward station 24 (e”/S = 0.6252) and station 34 (e"/S = 0.7106),
meaning that the species tend to be more clustered in station 180, while
they are more evenly spread in different layers of sediment in station 24
and station 34.

The analysis of similarities (ANOSIM; Fig. 10) confirms strong dif-
ferences in taxonomic composition among the stations (R = 0.72, p <
0.001), indicating that dissimilarity between stations is greater than
within each station. Notably, station 24 exhibits the highest internal
variability, whereas stations 180 and 34 show lower internal variability.

The NMDS plot (Fig. 11) shows a clear separation between station
180 and station 34, indicating that the samples from the two stations are
very different, while station 180 and station 24 partially overlap, sug-
gesting some affinities among the samples. The stress value of 0.16 de-
notes that the NMDS analysis is fitted well enough to illustrate the
dissimilarities among the sites investigated in this research.

Table 2
List of the principal biodiversity parameters and indices evaluated in this work.
180 24 34

Taxa Species 51 29 23
Individuals 637 193 115
Dominance D 0.4587 0.08797 0.07963
Simpson (D) 0.9541 0.912 0.9204
Evenness (e''/S) 0.5696 0.6252 0.7106
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R=0.72, p <0.001
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Fig. 10. Analysis of similarities (ANOSIM) results of benthic foraminiferal
communities based on the three individual stations 180, 24, and 34. “Between”
value is used to indicate the dissimilarity among all three of them.
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4. Discussions

Through the analysis of living benthic foraminiferal assemblages,
this study aims to explore the spatial distribution patterns of commu-
nities within Edisto Inlet and to identify the key environmental drivers
shaping their structure. Given the point-based nature of the sampling,
the results should be interpreted as a temporal snapshot of the inlet at
the time of collection.

The integration of environmental and biological data offers a
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comprehensive overview of the ecological status of the system,
emphasizing the influence of sedimentological characteristics, deposi-
tional dynamics, and local hydrography on foraminiferal distribution.
Multivariate statistical analyses reveal a clear spatial structuring of the
foraminiferal communities. In particular, the ANOSIM results indicate
that differences between stations are significantly greater than the
variability within each station (Fig. 10). These patterns are supported by
the NMDS, which shows a clear separation between stations 34 and 180
and a partial overlap between 24 and 180, indicating some composi-
tional affinity (Fig. 11). This confirms a marked spatial structuring of
foraminiferal communities in relation to geochemical and physical pa-
rameters, with each station providing distinct ecological niches.

Physico-chemical profiles of the water column reveal a stratification
pattern typical of Antarctic fjord systems (Pan et al., 2019; Hofer et al.,
2019). The upper ~250 m are characterized by marked variability in
temperature and salinity, likely reflecting the influence of glacial melt-
water and surface freshwater input. Below this layer, the water column
becomes more homogeneous, with stable temperature and salinity
values. This vertical transition marks the presence of a well-defined
pycnocline, which limits vertical mixing between surface and deep
waters. As shown in Fig. 2, the major water masses of the Ross Sea
(AASW and mCDW) do not appear to directly influence the circulation
within the inlet.

Dissolved oxygen concentrations are highest in the surface layer
(~0-50 m), due to atmospheric exchange and photosynthetic activity,
and gradually decrease with depth, consistent with reduced ventilation
and the remineralization of sinking organic matter. These observations,
in line with previous studies (Tesi et al., 2020; Di Roberto et al., 2023;
Finocchiaro et al., 2005; Battaglia et al., 2024) and supported by SAR
imagery, suggest that Edisto Inlet functions as a semi-enclosed fjord
system with significant organic matter accumulation on the seafloor,
potentially leading to oxygen-depleted conditions below 250 m water-
depth.

Based on the integration of biological and environmental parame-
ters, three distinct zones can be identified along the Edisto Inlet: (1) an
outer fjord zone (station 180), (2) a transitional zone (station 24), and
(3) an inner fjord zone (station 34) (Fig. 6). In the following sections,
each of these zones will be described and discussed in detail, focusing on
the specific environmental settings and the response of living benthic
foraminiferal communities to these conditions.

4.1. Outer zone of the inlet (station 180)

Station 180 is located at the fjord entrance, where oceanographic
and physico-chemical data indicate a well-oxygenated environment
with a high-energy regime and limited organic matter preservation
compared to the inner fjord (Figs. 4, 5). This energetic hydrodynamic
regime promotes the lowest sedimentation rate among the three sites,
and sediment reworking, as indicated by the presence of bioturbation in
the surface layers (the upper 4 cm of the core) (Fig. 5).

These conditions reflect active benthic communities and efficient
ventilation, which together hinder the accumulation and preservation of
labile organic matter (Meyers, 1997; Lamb et al., 2006). In fact, organic
carbon content at station 180 is low, and the C/N ratio is relatively high
(Fig. 6), indicating the presence of reworked, degraded organic matter
with low reactivity. The dominance of terrigenous and glaciogenic in-
puts, supported by the high value of magnetic susceptibility (Fig. 5),
further justified the interpretation of this site as an outer-fjord deposi-
tional setting strongly influenced by tidal currents and meltwater-driven
sediment transport (Battaglia et al., 2024).

These environmental conditions influence the benthic foraminiferal
community, which displays high species richness (51 taxa), overall
abundance (637 individuals/cm®), and a high Simpson diversity index
(D' = 0.9541), indicative of a well-structured and ecologically diverse
assemblage, typically associated with relatively stable environmental
conditions (Table 2). However, the Dominance value (0.4587) and the

12

Marine Micropaleontology 203 (2026) 102553

moderate Evenness (0.5969) suggest a moderately heterogeneous
habitat, where localized environmental pressures (low pH, hydrody-
namic conditions) or resource availability (i.e., low quality OM) may
favor the proliferation of few opportunistic taxa, while allowing the
persistence of a diverse but less abundant community. This pattern
points to a system that, while generally stable, may be subject to occa-
sional or localized disturbances.

In particular, among the agglutinated taxa, M. arenacea (Plate II) was
particularly abundant. Although taxonomically related to miliolids, this
taxon possesses an agglutinated rather than imperforate calcareous test
and is an indicator of enhanced carbonate dissolution (Ishman and
Szymcek, 2013; Galli et al., 2023). Supporting evidence for this inter-
pretation includes increasing relative abundance of other agglutinated
taxa, such as Portatrochammina antarctica, Pseudobolivina antarctica, and
N. dentaliniformis (Plates I and II). These opportunistic species typically
inhabit coarse-grained, well-oxygenated, oligotrophic sediments in
terrigenous-dominated environments such as the Weddell Sea and
Admiralty Bay (Murray and Pudsey, 2004; Rodrigues et al., 2015).

Despite this, pH values recorded at station 180 reach surface levels of
7.63, and calcareous specimens found in this site remain well-preserved,
suggesting preservation is not severely compromised.

Thus, the presence of a higher proportion of agglutinated species
could be justified by the release of CO2 during sea-ice formation and
limited winter gas exchange make brines corrosive, inhibiting calcar-
eous shell formation (Sgren et al., 2011). Moreover, it could be a matter
of competition for organic matter, which is scarce; in such conditions,
agglutinated foraminifera may be more competitive and resilient
(Dessandier et al., 2019; Kuhnt et al., 1996; Nardelli et al., 2023).

Similar foraminiferal patterns, characterized by a dominance of
agglutinated over calcareous foraminifera, have also been reported
under open-marine settings rich in diatoms and organic matter, partic-
ularly in association with corrosive High-Salinity Shelf Water (HSSW)
(Capotondi et al., 2018; Majewski et al., 2020; Melis and Salvi, 2009), or
under cooler conditions indicative of more modified CDW (Lehrmann
et al., 2025).

Within the calcareous assemblages, T. angulosa (Plate 1) dominated
the assemblages. This epifaunal taxon is characteristic of shallow sub-
antarctic environments with coarse substrates along the continental
shelf (Hayward et al., 2007). Its presence is consistent with the high-
energy conditions at this site, as it is known to tolerate strong bottom
currents and turbulent hydrodynamic regimes (Murray, 2006; Ishman
and Szymcek, 2013; Melis and Salvi, 2020).

Another key component of the assemblage at station 180 is the
monothalamous foraminifera, particularly species such as Micrometula
sp., P. magnetica, and H. hirudinea. These organic-walled morphotypes
are common across various parts of the Ross Sea (Gooday et al., 1996;
Violanti, 1996; Majewski et al., 2015; Holzmann et al., 2022, 2025;
Pawlowski and Majewski, 2011). For instance, H. hirudinea has been
reported in the Ezcurra Inlet (King George Island), where it was asso-
ciated with high concentrations of suspended particulate matter and
coarse sediments (Rodrigues et al., 2010). Similarly, Micrometula has
been identified as an indicator of glacier-proximal conditions in Horn-
sund Fjord, Svalbard (Pawlowska et al., 2016). Their widespread
occurrence in polar settings (Gooday et al., 2004;Sabbatini et al., 2007;
Caridi et al., 2021) suggests strong adaptation to high-latitude envi-
ronments and tolerance to stressors such as sea-ice cover, freshwater
influx, and stratified water columns. Comparable environmental con-
ditions are found at station 180, where enhanced hydrodynamic energy
leads to increased turbidity and the accumulation of coarse, glaciogenic
sediment derived from the nearby glacier front (Battaglia et al., 2024).

4.2. Middle section of the inlet (station 24)
The combination of a relatively high sediment accumulation rate and

fine-grained, poorly consolidated sediments indicates enhanced particle
flux and sustained sedimentation at this site. High sediment porosity and
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water content further suggest recent and unconsolidated deposition
(Fig. 5). Surface sediment heterogeneity, characterized by alternating
patches of olive and very dark grey mud, is likely associated with
diatom-rich layers and reflects episodic pulses of marine organic matter
reaching the seafloor (Battaglia et al., 2024; Tesi et al., 2020).

The accumulation of organic material at this site promotes intense
microbial degradation and early diagenetic processes, leading to rapid
oxygen consumption within the sediments and the development of
suboxic conditions below the sediment-water interface. This interpre-
tation is supported by redox profiles showing a rapid transition from
oxic to suboxic conditions within the upper sediment layers, as well as
by slight pH decreases with depth (Fig. 5), consistent with organic
matter remineralization under suboxic conditions (Arndt et al., 2013;
Hoogakker et al., 2025).

Geochemical data further corroborate this interpretation (Fig. 6).
Moderate organic carbon contents that decrease with depth, together
with C/N ratios indicative of predominantly fresh marine-derived,
relatively labile organic matter, point to active degradation processes.
Isotopic and elemental signatures suggest a mainly marine organic
matter source, likely of diatom origin, with minor old terrestrial inputs
and additional modification by early diagenetic alteration (Tesi et al.,
2020).

Overall, station 24 reflects the intermediate position of this site
within the fjord system: a depositional environment where organic
matter supply is significant, but where suboxic conditions and early
diagenetic processes already play a key role in shaping sediment
geochemistry and benthic habitat characteristics.

The benthic foraminiferal assemblage mirrors this transitional
setting, showing reduced abundance (193 ind. cm~3) and diversity (29
species) relative to the outer fjord (Table 2). Two key patterns emerge
(Figs. 8 and 9): (i) foraminiferal density increases progressively with
depth in the sediment, and (ii) calcareous species occur in the lowest
percentages, while agglutinated taxa dominate the surface layers and
organic-walled foraminifera become predominant at depth.

This vertical distribution is indicative of the prevailing suboxic,
chemically stressed conditions. Near the sediment surface, active
organic matter degradation likely promotes test dissolution and limits
the colonization of calcareous species, while deeper layers, more stable
and enriched in degraded diatomaceous material, provide a suitable
microhabitat for opportunistic forms. Alternatively, this observed
“reverse” pattern may reflect the early stages of recolonization following
a rapid depositional event driven by the sinking of organic and lithic
particles originally trapped at the base of sea ice during its seasonal melt,
which led to the burial of pre-existing surface assemblages. In this
context, Nardelli et al. (2023) experimentally demonstrated that fora-
minifera can rapidly migrate following sedimentary burial to re-
establish their preferred living position beneath the newly formed sed-
iment-water interface; however, in the case of abrupt and thick burial
events, a longer timescale is required to reach a resilient state. Further
support for this interpretation comes from Galli et al. (2025), who
analysed samples collected at the same sites but processed using a
different staining method (Rose Bengal); their results likewise show the
same vertical distribution of living foraminifera.

The surface foraminiferal assemblage at station 24 is dominated by
agglutinated species such as P. batrami and Portatrochammina antarctica,
taxa typically associated with low-energy environments and weak bot-
tom currents (Majewski and Anderson, 2009; Capotondi et al., 2020;
Galli et al., 2023; Galli et al., 2025). This faunal pattern is consistent
with the local oceanographic conditions, as measurements indicate
bottom current velocities significantly lower than at station 180 (Fig. 4),
which likely favors the settlement and persistence of these agglutinated
taxa in the surface sediments. A marked shift in community composition
is observed with increasing sediment depth, with monothalamous
foraminifera, particularly Psammosphaerid spp., Psammosphaera mag-
netica, Hippocrepinella hirudinea, and Tinogullmia spp. (Plate III),
becoming progressively dominant (Fig. 8). Although the occurrence of
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monothalamous taxa at infaunal depths may appear unusual, it is not
unprecedented. In this respect, the recent study by Demianiuk et al.
(2025) is particularly relevant, as it documents monothalamous fora-
miniferal DNA below 5 cm sediment depth, pointing to a deeper infaunal
extension than previously recognized.

Soft-shelled monothalamous foraminifera are widespread in Arctic
and Antarctic sediments, where benthic assemblages commonly reflect
environmental stress, physical disturbance, and opportunistic coloni-
zation. At high latitudes, their distribution is closely linked to variable
organic matter input, low temperatures, and unstable habitats such as
fjords and polar shelves (Gooday, 2002; Korsun, 2002). Many of these
taxa exhibit opportunistic life strategies that enable rapid colonization
under fluctuating organic supply and hypoxic conditions (Gooday and
Jorissen, 2012). Psammophaga species, characterized by a sand-ingesting
feeding mode, are typically associated with high phytodetritus avail-
ability and seasonal pulses of organic input characteristic of polar sys-
tems (Gooday et al., 2005; Pawlowski and Majewski, 2011; Caridi et al.,
2021). Tinogullmia species commonly occur in fjord and marginal sea
environments marked by sediment instability and variable oxygenation,
whereas Hippocrepinella hirudinea, reported from both Arctic (Svalbard)
and Antarctic (McMurdo Sound) settings, exhibits distinct regional
populations but a consistent association with environmentally stressed
polar habitats (Pawlowski et al., 2008).

Taken together, these taxa function as opportunistic indicators of
environmental stress at high latitudes, reflecting adaptations to variable
organic matter supply, hypoxia, and sediment instability, and thus
represent reliable markers of disturbance in polar benthic systems.

4.3. Inner section of the inlet (station 34)

Station 34, located in the innermost part of the Edisto Inlet, is
characterized by strongly anoxic conditions and recent, fine-grained,
highly hydrated sedimentation. Situated near the Edisto Glacier, at the
edge of the deepest and most sheltered part of the inlet (~600 m depth;
Fig. 1; Table 1), this site corresponds to a major sediment accumulation
area. Extremely high sediment porosity and water content indicate very
recent and poorly consolidated deposition, while the absence of bio-
turbation suggests minimal bottom-water ventilation and limited
physical disturbance (Fig. 5). The strongly reduced conditions observed
at this site, with negative redox potentials already at the sediment sur-
face, indicate an extremely low-oxygen environment that constrains
aerobic organic matter degradation. Under these conditions, organic
matter is more efficiently buried and preserved within the sediments.
The progressive darkening of sediments with depth and the strong
hydrogen sulfide odor, point to intense anaerobic microbial activity.
Geochemical indicators further support this interpretation (Figs. 5, 6).
High organic carbon contents that decrease only slightly with depth,
together with relatively stable C/N ratios, indicate sustained accumu-
lation of predominantly marine-derived organic matter. Markedly
depleted 5'3C values suggest extensive microbial reworking, consistent
with the dominance of anaerobic metabolic pathways such as sulfate
reduction and, potentially, methanogenesis. Collectively, these charac-
teristics identify Station 34 as the end-member depositional environ-
ment within the Edisto Inlet, representing a strongly reducing, low-
energy basin where early diagenetic processes exert a primary control
on sedimentary biogeochemistry.

From an ecological perspective, such extreme conditions severely
limit benthic foraminiferal colonization, allowing only highly tolerant or
opportunistic taxa to persist. Despite the extreme environmental con-
ditions, a small community of living foraminifera was found at this
station, characterized by a low taxonomic diversity value (115 in-
dividuals/cm® per 23 different species; Table 2). Both the Dominance
and Simpson indices indicate a less abundant but well-balanced com-
munity, which is characteristic of an extreme environment.

However, the uppermost sediment layers contain calcareous species
such as G. biora and G. subglobosa. Globocassidulina subglobosa (Plate I)
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has been described as an opportunistic infaunal taxon responding
positively to high organic carbon fluxes (Kyrmanidou et al., 2018),
whereas G. biora is typically associated with high sedimentation rates
and sub-ice-shelf environments (Melis and Salvi, 2020). Members of the
genus Globocassidulina have also been linked to oxygen-poor conditions
(Bernhard, 1993). In addition, B. pseudopunctata is known to be an
opportunistic infaunal species related to environments rich in organic
matter content and phytodetritus and that can thrive even in anoxic
conditions (Majewski, 2013).

Interestingly, although calcareous forms remain a minority, their
relative abundance at station 34 exceeds that at the outer sites (Fig. 9).
This may be related to the notably higher pH recorded at this station
(8.47), compared to 7.52 and 7.77 at stations 24 and 180, respectively.
Nonetheless, several calcareous specimens (B. pseudopunctata, G. biora,
G. subglobosa, Pyrgo sp.) exhibited partially or almost completely dis-
solved tests, likely due to localized acidification driven by sulfide
accumulation and other by-products of anaerobic metabolism. This
dissolution hampered species identification, occasionally limiting clas-
sification to the genus level. The proportion of organic-walled forms was
also low, possibly reflecting their tendency to suspend metabolic activity
under extreme stress (Gooday et al., 1996; Holzmann et al., 2021).
Among the species found at station 34, agglutinated taxa such as
P. bartrami and Pseudobolivina antarctica were also identified. These
epifaunal species are typically associated with environments charac-
terized by high carbonate dissolution, elevated organic matter accu-
mulation on the seafloor, and, due to their fragile test structure, low-
energy, sluggish circulation regimes (Anderson, 1975; Violanti, 2000;
Majewski and Anderson, 2009; Majewski, 2010; Majewski et al., 2020).
This interpretation is strongly supported by oceanographic measure-
ments: Lowered Acoustic Doppler Current Profilers (LADCP) recorded
the lowest water mass velocities at this site, with a maximum speed of
only 0.05 m/s (Fig. 4), confirming that the combination of extremely
low-energy conditions and the accumulation of buried organic matter
favors the persistence of these fragile agglutinated foraminifera.

All these evidences highlight that benthic foraminifera can survive in
this extreme environment. In fact, previous studies have reported that
foraminifera possess specific physiological and behavioral adaptations
that allow them not only to tolerate, but in some cases to thrive under
such stressors. As noted by Glock (2023), certain foraminiferal species
can survive in anoxic environments through specialized strategies,
including heterotrophic denitrification observed in Globobulimina spe-
cies, the retention of functional kleptoplasts acquired from ingested
diatoms, and the ability to enter dormant states during prolonged pe-
riods of oxygen depletion. In addition, recent studies using molecular
and transcriptomic approaches (e.g., Orsi et al., 2020; Gomaa et al.,
2021) have further expanded our understanding of foraminiferal adap-
tations to anoxic environments, revealing the expression of genes related
to anaerobic energy pathway (e.g., fermentation, fumarate reduction,
[FeFe]-hydrogenase activity, and creatine phosphate-based ATP
regeneration), as well as evidence for sustained calcification and
phagocytosis under sulfidic and oxygen-depleted conditions.

5. Conclusions

This study provides new insights into the environmental and
ecological functioning of Edisto Inlet (Ross Sea, Antarctica), empha-
sizing how geomorphology, hydrodynamics, sedimentation rates, and
biogeochemical factors collectively shape benthic foraminiferal assem-
blages. By integrating foraminiferal, sedimentological, and oceano-
graphic data, three distinct environmental sectors were identified within
the inlet: outer (station 180), middle (station 24), and inner (station 34),
each with characteristic habitat conditions and benthic communities.
The outer section is characterized by stronger bottom currents and high-
energy hydrodynamic conditions, which enhance sediment winnowing
and maintain well-oxygenated surface sediments. These conditions
favor agglutinated species, including Miliammina arenacea, an indicator
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of carbonate dissolution processes, along with other taxa such as Por-
tatrochammina antarctica and Pseudobolivina antarctica. Nevertheless, pH
values are around 7.63, and well-preserved calcareous species, such as
Trifarina angulosa, are present, as well as organic-walled forms like
Micrometula sp. This suggests that the abundance of agglutinated taxa is
mainly driven by ecological factors, such as the limited availability of
organic matter, which may offer a competitive advantage to aggluti-
nated foraminifera, often more resilient and opportunistic in oligotro-
phic environments. Station 24 represents a transitional, mid-fjord
environment with moderate sedimentation rates (SAR = 0.169 cm yr’l)
and weaker bottom currents (~0.14 m/s). Surface sediments are highly
porous and enriched in organic matter, promoting suboxic conditions in
the upper layers. Foraminiferal abundance and diversity are lower than
in the outer fjord, with agglutinated taxa such as Paratrochammina
bartrami and Portatrochammina antarctica dominating the surface sedi-
ments. In deeper layers, monothalamous species including Tinogullmia
sp. and Psammophaga magnetica increase in abundance, reflecting
opportunistic colonization in organic-rich sediments where redox con-
ditions are less stressful. Moderate pH values, partial oxygen depletion,
and early diagenetic alteration create a heterogeneous habitat that
shapes community composition. The innermost section experiences
extremely low-energy conditions, very weak currents (~0.05 m/s), and
the highest sedimentation rates, as it is located at the edge of a natural
depositional depression. Surface sediments are highly hydrated (@ =
0.96), with intense microbial activity leading to strongly reduced redox
potential (Eh ~ —449 mV) and suboxic to anoxic conditions. Organic
matter is efficiently buried and preserved, with §'3C values and stable C/
N ratios reflecting marine-derived, partially degraded OM. Opportu-
nistic calcareous species such as Globocassidulina biora and G. subglobosa
persist in these oxygen-depleted, organic-rich sediments. Station 34 thus
represents an end-member of the fjord's ecological and geochemical
gradient, acting as a hotspot of early diagenetic processes, including
sulfate reduction and potentially methanogenesis.

Overall, the observed spatial variability along Edisto Inlet clearly
demonstrates that benthic foraminiferal communities are tightly linked
to local environmental gradients. Differences in hydrodynamic energy,
sedimentation rates, organic matter input, pH, and redox conditions
drive the composition, diversity, and vertical distribution of taxa. These
results provide a baseline for understanding ecological functioning in
Antarctic fjord-like systems and can inform future studies on how polar
coastal ecosystems respond to environmental change.
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