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Abstract. Benthic foraminiferal assemblages are key indicators for reconstructing past environmental conditions due to their
ecological preference and preservation potential. This study investigates the hard-shelled benthic foraminifera of Edisto
Inlet; an Antarctic fjord located on the Northern Victoria Land Coast (Ross Sea). The Inlet is characterized by a well-
preserved Holocene laminated sedimentary sequence, providing an invaluable tool to reconstruct local and regional
environmental changes. Living and fossil assemblages from the upper 5 cm of sediment were analysed across five sites along
an inner-to-outer fjord transect to assess their ecological preferences and preservation patterns. Sites located on the inner
fjord are characterized by high accumulation rates, low dry densities, fine grain sizes, and elevated content of organic
carbon, indicative of high phytodetrital input and anoxic, reducing conditions probably derived by the burial of fresh organic
matter. The surface sedimeemnts at these sites host low-diversity low-densities living assemblages but are abundant in dead
specimens, suggesting substantial mortality events probably linked to post-sea-ice breakup, high organic matter flux to the
bottom, and oxygen depletion associated with low current activity. Total assemblages are dominated by calcareous
(Globocassidulina biora, G. subglobosa) and agglutinated (Paratrochammina bartrami, Portatrochammina antarctica) taxa,
reflecting sluggish circulation along with a high input of fresh organic matter. A sharp decline in calcareous forms points to
intense carbonate dissolution caused by the low redox potentienal inside-within the sediment that develops during the year.
In contrast, transitional and outer sites show more diverse and better-preserved assemblages, including Trifarina angulosa,
Nodulina dentaliniformis, Reophax scorpiurus and Globocassidulina spp. among others, consistent with stronger bottom
currents and more oxygenated conditions of the outer bay in respect to the inner fjord sites. The site located at the fjord
mouth reveals distinct fossil faunas, likely shaped by ecological succession and/or dissolution, highlighting the high
environmental variability of this setting. Resistant agglutinated species (Pseudobolivina antarctica, Paratrochammina
bipolaris, Miliammina arenacea) dominate these areas, underscoring their potential value for paleoenvironmental
reconstruction. Comparison with the succession of the palacocommunity collected in a nearby marine sediment core (TR17-
08) suggests recent improvements in bottom conditions and organic matter content, though key taxa have not recovered to
Late Holocene (3600-1500 years BP) levels. These findings highlight the sensitivity of benthic foraminiferal communities to
sea-ice dynamics, organic matter input, and hydrographic conditions in Antarctic fjord systems.
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1. Introduction

How organisms distribute and what are the underlying causes of their spatial patterns is a long-standing question in ecology.
Local studies are crucial to gain insight of the extant ecological patterns that could be lost due to climate change or
anthropogenic activities especially in sensitive areas, such as the polar regions (Gutt et al., 2021; Ingels et al., 2012).
Antarctica’s remoteness and isolation make it an almost pristine environment in respect of the anthropogenic pressure; thus,
an ecological characterization of this area might highlight the natural processes acting on the extant community as well as
giving a background natural level (baseline) for future monitoring studies.

In this study, we focus on the distribution of the living and recent benthic foraminifera, an important meiofaunal component
of all aguatie-marine ecosystems (Gooday, 1993; Langlet et al., 2023; Nomaki et al., 2008). Benthic foraminifera are marine

unicellular eukaryotes capable of forming a_mineralized calcite or agglutinated shell (test) that covers the cytoplasm (Sen

Gupta, 2003). Fossil assemblages of hard-shelled benthic foraminifera communities are especially important for
paleoenvironmental studies due to their excellent preservation potential (Gooday, 2003; Murray, 2006). The composition of
these communities is influenced by water masses characteristics, the nature and availability of Organic Matter (OM) at the
seafloor, and the dissolved oxygen concentration, which makes benthic foraminifera reliable tracers of past marine

environmental conditions (Jorissen et al., 1995; Gooday, 2003). In coastal Antarctica, these assemblages have been used to

infer past changes in the water circulation pattern, glacial discharge regime, and sea-ice cover making them a valuable tool to
gain insight on the connectivity between the cryosphere and the ocean (Kyrmanidou et al., 2018; Li et al., 2000; Majewski et
al., 2018; Majewski & Anderson, 2009; Peck et al., 2015). Thus, the ecological preference of the modern foraminiferal
community offers key information on the associations between the species and their environmental significance, which is
crucial to constrain the past environmental evolution of a region. Furthermore, the comparison with the modern fauna and
the deadfess# one is crucial to underpin the taphonomic controls that might hinge on the preservation on these key
environmental tracers.

In Antarctica, studiesy that analysed benthic foraminifera over the continental shelf have focused on the Antarctic Peninsula,
along the western sector of the continent, and on the Weddell Sea (Bernasconi et al., 2019; Cornelius & Gooday, 2004;
Ishman & Szymcek, 2003; Lehrmann et al., 2025; Mackensen et al., 1990; Majewski et al., 2023). One of the most studied
areas are the sub-Antaretie-IslandSouth Shetland Islands, especially Admiralty Bay on King George Island; a shallow fjord

that has been extensively investigated for its benthic foraminiferal content (< 200 m water depth) (Majewski, 2010). In the
Ross Sea, research was largely carried out on the_continental shelf and the southernmost edge of Victoria Land, especially
McMurdo Sound and Terra Nova Bay (McKnight 1962; Kennet, 1968; Pfum, 1966; Fillon, 1974; Osterman and Kellogg
1979: Gooday et al., 1996; Violanti, 2000; Melis and Salvi, 2009, Capotondi et al., 2018, 2020). Mereever,—studies—that
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The focus of this study is Edisto Inlet, a little fjord located on the northwestern tip of the Ross Sea, and what could it be a

key—sentinel site to investigate palaeoceanographic changes occurring throughout the Holocene_across the Victoria Land

Coast (Fig. 1, Battaglia et al., 2024, Galli et al., 2025). In addition, the presenee-already studiedefa 3600-year long recerd
record-of benthic foraminiferal assemblage provides a robust baseline for assess the ecological context of the modern
communities by characterizing the changes in relative abundance of key indicator species with known environmental
succession that affected the benthic fauna throughout this time interval (Dillon et al., 2022; Galli et al., 2025).

Hence, the objective of this study is two-fold main-aspeets—of-thisstudy—-will-be-to-1) to characterizsee the environmental
context that affect the-differences-between living and the fessil-dead benthic foraminiferal assemblages;—with-the-goal-of

> S ¢ S stri reservation,—and 2) to contextualize the modern
environmental state of the fjord by comparing recent communities with the succession of different-palee fossil communities

reconstructed from sedimentary records.
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Figure 1. Location of the Edisto Inlet (red square) respect to Antarctica and relative location of site of sediment core retrieval
inside the inlet (black dots). The previously investigated marine sediment core for the benthic assemblages (TR17-08) is indicated
in blue.

1.1 Environmental Context

Edisto Inlet is narrow fjord located along the northern Victoria Land coast, in the northwestern part of the Ross Sea. The
fjord is surrounded by 4 glaciers: Arneb Glacier, Manhaul Glacier, Edisto Glacier and a minor glacier next to Luther Peak
(Fig. 1). The Inlet depth is between 400 and 500 m, and it is divided from the Moubray Bay by a sill with a height of about
100 m that shows a steeper flank on the eastern side than-the-western-one-(Battaglia et al., 2024).

The inlet is characterized by a seasonal cycle of landfast sea-ice: during the austral winter the sea-ice forms and covers the
Inlet, and, over the beginning of the warming seasons, it thaws (Tesi et al., 2020). Differences in this seasonal behaviour can
have a profound effect on the local benthic fauna: from 2-1.55 kyrs BP (Before Present: 1950 CE) the brittle stars
Ophionotus victoriae was thriving, associated with stable interannual cycle of freezing and thawing of the sea-ice cover
(Galli et al., 2024). Variability of these environmental patterns are also reflected in lamination structures observed in
sediments, characterized by alternating dark and light laminae of different thickness (Galli et al., 2023; Tesi et al., 2020).
These sedimentary features have been connected to first sea-ice break up over the spring (dark lamina), and ice-free
conditions over the summer (light lamina) (Finocchiaro et al., 2005; Tesi et al., 2020). This is further supported by the
presence of two very distinct diatom associations: after the first break-up, diatom of the Fragilariopsis genus blooms, and a
dark lamina is deposited. If ice-free conditions persist during the austral summer, reduced vertical mixing may_due to

stratification caused by the thawing of the sea-ice cover further limit nutrient replenishment in surface waters, favouring the

dominance of oligotrophic species like Corethron pennatum thus resulting in the deposition of light-colored laminae (Tesi et
al., 2020). However, the Edisto Inlet does not open every year, as sea ice cover can persist even during the summer season
(Tesi et al., 2020). As a result of this variability (interannual and seasonal), very few oceanographic studies have been
carried out in the area due to its remoteness and the limited accessibility. When investigated, a two-layer stratification was
observed, with water masses below the thermocline being saltier than those above (Battaglia et al., 2024)._Oceanographic

survey on the outer part of the fjord had highlighted the presence of High Salinity Shelf Water (HSSW), a cold, saline and

corrosive water mass that forms due to the freezing of the seawater (Caridi et al., 2026). On the inner part, a relatively

warmer and less saline water mass is present, while the hydrographical exchange between the Edisto Inlet and Moubray Bay

is highly affected by tidal waves. A more detailed description of the dynamics that governs Edisto Inlet can be found in

Caridi et al., (2026).

High sedimentation ratess, typical of fjord embayment, are-were inferred from age-depth models derived from marine
sediment cores as well as sedimentary structures reflecting an expanded Holocene laminated sequence, mostly composed of

diatomaceous ooze (Finocchiaro et al., 2005; Battaglia et al., 2024). However, a reduction in the sedimentation of an order of

magnitude has been notice across multiple locations starting at 700 years Before Present (yrs BP, Present=1950 CE). At that

time, the sedimentation rate decreases sharply from 0.7-0.5 cm yr’!' to values of about 0.07-0.04 cm yr! . suggesting that a

4



115 less seasonally open fjord with less hydrodynamic conditions characterized the Inlet (Tesi et al., 2020, Di Roberto et al.,

2023).

2. Material and Methods
2.1 Sampling activities

To investigate the benthic foraminiferal assemblages and their distribution related to the environmental parameter in Edisto
120 Inlet, 5 sediment cores were collected with a multicorer Oktopus MCO08-12"series (12 x @; 100 mm x 610 mm) aboard on the

R/V Laura Bassi during the 38" Italian Antarctic Expedition in the framework of the LASAGNE project (Fig. 1, Table 1,

Fig. S1).
Core Latitude (° S) Longitude (° E) Depth (m) Date of retrieval SAR (cm yr)
(dd/mm/yyyy)

34 72.3507 170.0139 496 13/02/20234 /

24 72.3081 170.056 475 10/02/2023 0.169

178 72.2979 170.0932 470 12/02/2023 0.119

180 72.2941 170.1464 419 11/02/2023 0.073

170 72.2791 170.0978 460 12/02/2023 0.036

Table 1. Core number, site coordinates, depth and date of retrieval. The Sediment Accumulation Rate (SAR) is calculated from the
125 age-depth model reconstructed with the excess activity of 2!’Pb. Cores in the table are order from the inner to the outermost part:
34 and 24 are located inside of the Inlet; 178 is located at the sill and, lastly, 180 and 170 are located on the outer part of the Inlet

(see also Fig. 1)

2.2 Sedimentological analysis

Different analytical approaches were adopted to characterize the sedimentological properties of the uppermost 5 cm of the
130 cores. Redox potential (Eh) was measured directly on board immediately after core recovery using a pre-calibrated Metrohm
punch-in pH/Eh electrode. Measurements were taken with a vertical resolution of 1 cm. Following retrieval, the sediment
cores were stored at +4 °C in a refrigerated ISO20 container and transported to Italy for further laboratory analyses.
Magnetic susceptibility (MS; SI % 107%) was measured at 1 cm resolution using an MS2F Surface Point Probe (Bartington
Instruments Ltd., UK). Each sediment core was split lengthwise into two halves. One half was sub-sampled at 1 cm intervals,
135 and each slice was divided into multiple aliquots for water content, biogeochemical, and stable isotope analyses. The
remaining half was used for non-destructive analyses: it was photographed and x-rayed to identify sedimentary structures,
variations in density and texture, and bioturbation features. This archive half was subsequently stored at +4 °C. Dry density

(g cm™) and water content (%) were determined by measuring weight loss after drying sediment samples overnight at 55 °C
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to constant weight. A particle density of 2.5 g cm™ was assumed, following the method described by Langone et al. (2012).
An aliquot of each sample was dried, weighed, and wet-sieved at 63 pm to estimate the proportion of sand-sized particles in
the sediment. The sand fraction (%) was calculated as the ratio between the dry weight of the > 63 um fraction and the total
dry weight (g) of the sample, following the methodology for the dead assemblages (Section Micropaleontological analysis).
For organic carbon (OC, wt%) analyses, an aliquot of freeze-dried sediment was homogenized using an agate mortar,
acidified with 1.5 M HCI to remove carbonates, and analyzed using a Thermo Fisher FLASH 2000 CHNS/O Elemental
Analyzer coupled to a Thermo Fisher Scientific Delta Q isotope ratio mass spectrometer (IRMS) (Tesi et al., 2012). The

analysis of organic carbon (OC) was performed only for three sites (24, 34, and 180)_and after a year from the collection of

the sediment cores.

A second freeze-dried and powdered aliquot was used for radionuclide analyses. 2!°Pb activities were assessed through
measurement of its daughter 2'°Po by alpha spectrometry, using a silicon barrier detector connected to a multichannel
analyzer. 2!°Po activity was assumed to be in secular equilibrium with its grandparent 2*Ra, following the method described
in Frignani et al., (2005). Sediment accumulation rates (SARs; cm yr ') were calculated using the Constant Flux: Constant

Sedimentation (CF:CS) model based on the decay profile of unsupported 2'°Pb (half-life: 22.3 years).

2.3 Micropaleontological analysis

Sediment cores for living foraminiferal assemblages were split vertically into two halves. Each half was horizontally
sectioned onboard: every 0.5 cm down to 2 cm depth, and then in 1 cm intervals down to 5 cm. The cores used for analysing
dead assemblages were stored at -20°C onboard and later sliced into 1 cm sections down to 5 cm in the laboratory.

In the laboratory, one half of the prepared core was treated with Rose Bengal (RB) and fixed in a 4% formalin buffer with
sodium borate solution for 72h. After staining, samples were sieved through 125 pm mesh. Residues were kept wet, hand-
sorted and counted in water using a binocular microscope. Hard-shelled foraminifera were collected in micropaleontological
slides. For what concerns the analysis of the dead assemblages, samples were dried and washed with distilled water with a 63
um sieve and collected in filter paper. Samples were dried overnight at 40°C, and further dry sieved at 125 pm. The analysis
focuses on the >125 pum fraction, while the 63-125 pum fraction was only collected. If the number of tests in a sample was
estimated by sight to be well above 300 tests, the sample was split using a dry Microsplitter and one fraction was counted
and picked. The use of the > 125 pm enables the comparison with the benthic foraminiferal assemblages to reconstruct
paleoenvironmental evolutions of an area since coarser size fractions are commonly employed for that analysis and more

suited for the scope of this study_(e.g., Peck et al., 2015, Majewski et al., 2020). However, it is important to acknowledge

that finer fractions can bear different indicator species then coarser fraction -(Ishman and Sperling, 2002, Melis and Salvi,

2009, Lo Giudice-Capelli et al., 2018; Majewski et al., 2023).

From both living and fossils analysis, fragments of branching and tubular foraminifera (i.e., Hyperammina and Rhizammina,
Plate A1) were collected but not included in the community data analysis because their fragile, easily breakable tests can

mislead the correct determination of their occurrence and their abundance.

6
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Taxonomy for hard-shelled benthic foraminifera (agglutinated and calcareous taxa) followed Loeblich & Tappan, (1988) for
the genus-level identification, and other reference studies (Anderson, 1975; Capotondi et al., 2020; Galli et al., 2023;
Igarashi et al., 2001; Ishman & Szymcek, 2003; Majewski et al., 2005, 2016, 2023; Melis & Salvi, 2009; Sabbatini et al.,
2007). Foraminifera were recognised at the species level, when possible. A Scanning Electron Microscope (SEM, Hitachi
TM3030plus Scanning Electronic Microscope) was used to gain images of surface texture of specimens and diagnostic
details for species recognition. The total density of the specimens was calculated as the number of individuals per 50 cm?3
(Area of the core = 69.4 cm?). Relative abundances were calculated as the number of individuals of the same species
normalized to the total number of benthic foraminiferal tests. Density of planktic foraminifera (expressed in n°/ g of dry

sediment) was estimated by the ratio between the total number of tests and the total dry weight.

2.4 Statistical analysis

All the statistical analyses were conducted in the R environment (R Core Team, 2024). Figures and plots were computed
using the package ggplot2 (Wickham, 2011). Correlations between the environmental variables were assessed using the
function ggcorrplot from the ggcorrplot package (Kassambra, 2022). All the code used to compute the figure and the
statistical analysis is reported in the Supplementary Material.

To compare the results from living assemblages with the fossil ones, the assemblage composition of the first 2 centimetres
was merged as a 1-cm thick sample to resemble the sample step of 1 cm of the dead assemblage.

To understand the ecological gradient that affected the communities, a non-Metric Multidimensional Scaling (nMDS) was
computed using Wisconsin transformed relative abundances of species that showed a maximum relative abundances >5%
and appeared in at least two samples, with a Bray-Curtis distance (function monoMDS in the package vegan; Oksanen et al.,
2024). nMDS is conservative in respect of the dissimilarity between each sample, making it easier to detect the presence of
ecological gradients (Kruskal, 1964; Prentice, 1977). In addition, convex hulls (polygons) were used to investigate the
relationship between each station using the function chull.

Lastly, for comparing each—different paleocommunities with the recent ones, the average relative abundance of selected
species of different periods were pairwise compared using a non-parametric wilcoxon-test using the function geom_pwc of
the scales package (Wicham et al., 2025). A significant p-value threshold of 0.05 was used to reject the null hypothesis of no
differences between the groups. The data used for the comparison is—theare those-ene of the TR17-08 (Galli et al., 2025),

while, for the core selected, only the assemblages at sites 24 and 34 were used because of the vicinity from the sediment core
(Fig. 1).
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3. Results
3.1 Geochemical characteristics of the sediments

The Sediment Accumulation Rate (SAR) derived from the 2!°Pb excess activity is higher at sites 24 and 178 than the one
characterizing the outer sites (170, 180) (Table 1, Fig. 2a). Core 34 did not yield a usable profile to compute the age-depth
model (Fig. S24).

Samples collected in the inner fjordat(sites 34 and 24) are characterized by low dry density, low magnetic susceptibility
(MS), a low sand content and a high-water content (Fig. 2a). By contrast, sites on the outer part of the fjord, namely 170 and
180, are characterized by the opposite trend: high dry densities as well as a high MS and sand content, along with a low
water content (Fig. 2a). Site 178, located at the fjord mouth, shows a mixtare-mixed signal between the geochemical

parameters at the inner and outer sites (Fig. 2a). Fer—what-it-conecerns—the Red-ox—petential (Eh);-Ssite 34 has the most

negative redox potential (Eh) values, while sites 178, 170 and 180 show a similar reduction pattern down core with the

presence of positive Eh values only at the most surficial layer (Fig. 2a). Site 24 has positive Eh values throughout, except for
the deepest interval (Fig. 2a).
Since this study focuses on the benthic foraminiferal distribution, planktic foraminiferal tests (only of Neogloboquadrina

pachyderma) are used as indicator for primary productivity regimes_and/or open water conditions. In the surface samples,

sites 34 and 24 are characterised by the highest concentration of planktic test, while outer stations are characterised by the
almost complete absence of the latter (Fig. 2b).

Positive relationship between the dry densities, MS,-the-sand content, and-the Eh, are presentobserved, while the water is
negatively with every other parameter, except with the planktic foraminifera (Fig. 2¢). The only non-significant relationship

is between the Eh and the planktic foraminifera content.
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Figure 2. Sedimentological characteristics of the sediment cores retrieved in Edisto Inlet. a) Age-depth model derived from the
210pp excess activity for every core collected in the sites. The core 34 yield a not usable profile, thus it is not plotted (Fig. S1). The
dashed horizontal black line highlights the upper 5 cm used in this study, while the color-coded vertical dashed line highlights how
much do the upper section spans time (in yrs CE). b) Sedimentological, geochemical characteristics measured on the uppermost 5
cm, along with planktic foraminiferal densities, retrieved from the fossil assemblage. MS = Magnetic Susceptibility; Eh = Redox
potential; OC = Organic Carbon. ¢) Pearson’s relationship between the features of panel b. The strength of the relationship
relationship-is indicated by both the labels inside the square and by the color: Red color = positive relationship, Blue = negative
relationship; White = no significant relationship.

3.2 Benthic foraminiferal fauna from Edisto Inlet

A total of 49 species were recognised in the living (stained) assemblages with a total eounted-test-of 1589 counted tests, with
the first half centimetre from site 170 holding most specimens_(-fera-+total- 496 specimens). Across the dead assemblages, 55

species were identified, and 5639 tests were counted, with the first centimetre of sitethe 170 holding a total of 796 tests.

Across all of the investigated site, 09nly one planktic species, Neogloboquadrina pachyderma; was found.—n-thefossit
Total densities and community composition of the most common species are reported in Fig. 3 and Fig. 4, while a list of all
the benthic species identified is presented in Table S2 in the supplementary material, along with the counted_specimens
A comparison between the living and dead assemblage is also reported in Fig. 5, highlighting the differences in the total

densities between the two assemblages, and the different content of the agglutinated and calcareous test.
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Scanning Electron Microscope (SEM) photos of selected species are presented in the Appendix section.
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Figure 3. Living (Rose-Bengal stained) benthic foraminifera community in Edisto Inlet. a) Total densities (n°/50 cm?) of stained
benthic foraminifera test counted. The x-axis is scaled differently for each station. b) Assemblage composition of the species that
appears more than 20%. A threshold of 20% was used because of the low number of individuals at sites 34, 24 and 178 (< 30 n°
ind./50 cm?®). Sites names are reported on top of each plot and are arranged from the innermost (34) to the outermost site (180).
Species are reported in alphabetical order.
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Figure 4. Fossil-Dead benthic foraminiferal community in Edisto Inlet. a) Total densities (n°/50 ¢cm?) of foraminifera test counted

in the dead assemblage. b) Assemblage composition of the species that appears more than 10% and at least in one station. Species
are reported in alphabetical order.
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Figure 5. Comparison between the living and fossil benthic foraminifera assemblage. a) Total densities (n° / 50 cm3) of the living
(grey) and dead (black) assemblages. To compare the total densities of the living with the one of the dead, samples that were sliced

at 0.5 cm were merged. b) Relative abundances of calcareous (yellow) and agglutinated (dark purple) benthic foraminifera of the
living (b) and dead assemblage (c) assemblage.

3.3 Multivariate analysis
The 2-dimension nMDS models are characterised by values < 0.2 (Fig. 6, Fig. 7), indicating that the ecological gradients in
Edisto Inlet are well represented in a two-dimensional space (Dexter et al., 2018). The living benthic foraminiferal fauna

shows a higher degree of overlap among sites than the dead assemblage (Fig. 6). Notably, site 34 appears as an outlier in

both assemblages, so a second nMDS was computed excluding the latter (Fig. 7).
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Figure 6. 2-dimension nMDS models computed on the community composition of the living (a) and the dead (b) benthic
265 assemblages. Both models show Site 34 as an outlier. In the legend, the sites are reported from the innermost to the outermost part
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| Figure 7. 2-dimension nMDS models computed on the community composition of the living (a) and the fessil-dead (b) benthic
assemblages computed without site 34. Notice the change in the community structure of site 178: in the living assemblages overlaps
sites 24 (a), while on the fossil assemblage mostly overlaps site 180 (b).

270

After removing site 34, the living assemblage shows more overlapping features than the fessil-dead one (Fig. 7). Of notes,
275  the relative location of the polygon of site 178 (the site located at the sill, Fig. 1) changes quite substantially: in the living
assemblage it overlaps site 24 (Fig. 7a), while on the fossil-dead ones it is completely detached from it (Fig. 7b). Lastly, the
fossil-dead eommunity-assemblages at site 24-is_are much more distant from the outer and entrance site than the living one

(Fig. 7), being the only site—shewingsite showing only negative MDS2 values (Fig. 7b).
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3.4 Palacocommunities comparison

280 Figure 8. Comparison between the assemblages highlighted in the sediment core TR17-08 (black, cyan and yellow) and the one
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retrieved from site 24 and 178 (in brown). Significance thresholds of the pairwise comparison between periods are reported above
the brackets as ns = p > 0.05; * =p <0.05; ** =p <0.01; *** =p <0.001 and **** =p <0.0001.

The palacocommunities analysed from the TR17-08 were diveded according to the environmental phases reported byef Galli

et al., (2025) with emphasize on the fjord-like behaviour (3600 — 1500 yearsBeforePresent(0-BP=1950-CE));yrs BP, total
285 number of samples n=99) Transitional warming phase (1500 — 1100 years BP, n=21), Cooling phase (1100 — 700_yrs

BP.n=20). The data used from sites 24 and 178 areis considered “recent” because they span a relative long period as shown

in Figure 2a_ (n=10). All the pairwise comparison and significance are reported in Figure 8. For simplicity, we comment only
the comparison ef-with the recent period-with-the-ethers. All the species relative abundances are significantly different from
the 3600 — 1500 years BP period except for Trifarina angulosa. Similarly, significant differences are present from the 1500-
290 1100 period, except for Globocassidulina sublgobosa, Paratrochammina bartrami and Portatrochammina antartica.
Content of G. biora, P. bartrami, P. antarctica shows no significance difference from the 1100-700 years BP period, G.
subglobosa, Miliammina arenacea and T. angulosa, are characterized by an increase in their relative abundances in respect

to the latter.
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Figure 9. Conceptual cartoon of the modern Edisto Inlet benthic foraminiferal fauna and the major environmental factors
(Dissolution, Oxygen, Organic Matter) that affects the benthic community and how they are distributed along the fjord transect,
from innermost to outermost part. Species that have been found only below 1-cm were considered as strictly infaunal and are
depicted inside the sediments. For a more detailed discussion readers are referred to the section 4.2. SEM photos of selected
foraminifera are not in scale.

4.1 Environmental gradient across the fjord transects

From the sedimentological and geochemical analysis, it is evident that the fjord is characterized by an extremely well-
defined gradient of benthic environmental conditions going from the inner to the outermost part (Fig. 2, Fig. 9). The main
factor that shapes this pattern might be related to the amount of Organic Matter (OM) that arrives at the bottom probably
exerting a first order control on the amount of dissolved oxygen that is present at the bottom. Low MS, reduced sand content,
high OC at the inner sites support this interpretation, along with the extremely low Eh values found at the innermost sites
(Fig. 2b, Arndt et al., 2013; Hoogakker et al., 2024; LaRowe et al., 2020). Furthermore, the extremely low values of Eh at
site 34, in conjunction with the elevated OC content, and the lower dry density, reflecting a high porosity, (Fig. 2b) suggest
that the OM delivered to the bottom is efficiently buried within the sediments, generating a strong redox potential and a very
harsh environment within the seafloer—sediments (Hoogakker et al., 2024). In addition, higher sedimentation rates
characterize the innermost sites and can be attributed to the extreme seasonality that this fjord experiences (Table 1). In the

Edisto Inlet, the presence of a landfast sea-ice cover that forms and thaws over the summer have been regarded as the first
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order control on depositional signal, since most of the primary productivity happens after the sea-ice break up (Finocchiaro

et al., 2005; Tesi et al., 2020). This can be seen by the higher concentrations of planktic foraminifera in the upper first

centimetre on the inner stations, indicating a high surface productivity (Fig. 2b). The presence of mostly diatoms derived

OM on the inner part could enhance the dissolution potential on the innermost part of the fjord and, along with theln

additionthe-almest- almost completely absence of a bottom current activity in the fjord might enhance the amount of OM
present in the sediment (Arndt et al., 2013; Battaglia et al., 2024).

On the other hand, sites located outside of the fjord are characterized by a complete opposite condition from the ones that
characterized the inner fjord (Fig. 2b). Despite being lower, OC values on the outer stations are still quite high (> 0.3),
implying that a significant amount of OM is still delivered to the bottom. However, the presence of higher values of Eh,
higher MS, and higher sand content suggests the presence of a more dynamical regime and less dysoxic conditions, while
also implying an increase in the detrital material arriving at the bottom respect to the inner site (Fig. 9).

Site 178, situated near the entrance of the fjord, bridges the gap between the innermost and the outermost conditions,
showing values comprising between these two endmembers (Fig. 2b, Fig. 9).

Hence, it is reasonable to hypothesizes that most of the benthic conditions in the Edisto Inlet are shaped by the type of OM
that arrives at the seafloor and how much of this fresh OM is buried into sediments which is highly regulated by the bottom
hydrographic conditions. These environmental conditions are probably exerting a first order control on the dissolved oxygen

present at the sediment-water interface and deeper in the sediments (Fig. 9).

4.2 Benthic foraminiferal communities and their relationship with the environment

To better frame the differences in the benthic foraminiferal fauna that shapes the living assemblages and what control the
preservation potential of the hard-shelled fauna, it is possible to define three important habitats within the studied sites by
comparing it with the environmental gradients: innermost part of the fjord (34, 24), the entrance (178) and the outermost bay
(170, 180) (Fig. 9). It is, however, important to stress that the living RB-stained assemblage represents an estimation of the
living community, as well as snapshots of the whole benthic foraminifera community, while the—fessi--dead community
represents a time averaged community, affected by both environmental and taphonomical controls on their compositions

(Van Der Zwaan et al., 1999)._ Among taphonomical controls on the community structure, the different sedimentation rates

found in the inner fjord and its outer part could have an effect of the sharp contrast of the total densities of specimens

between these two environmental opposites (Fig. 2a). Dead assemblages located inside the fjord could experience a

substantial decrease in the density of individuals, while, on the outer bay. sediment winnowing could remove the finer

sediment fraction, effectively concentrating the specimens within less sediment. Hence, this taphonomical effect could be a

concurring factor in explain the stark contrast between the assemblages found in this area (Fig, 5b). However, the steep

gradient highlighted by geochemical analysis and the community structure (Fig. 2 and Fig. 4) points out to a more complex

and substantial control affecting the dead assemblages.
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4.2.1 Inner fjord (sites 34 and 24)

The living community at this site shows very extremely low abundances and very low diversity, indicative of very harsh
environmental conditions inferring-enaffecting the populations (Fig. 3). However, a very sharp contrast between the amount
of dead test and the presence of very high dissolution conditions going down core is testified by a sharp decay of calcareous

test going down cores_due to high content of OM-(Fig. 5). The presence of these extreme conditions can be further inferred

from the nMDS models, both showing that the community at the inner sites are far more diverse than the one at the entrance
and the one found on the outer bay (Fig. 6 and Fig. 7). This is evident for site 34 (Fig. 6, Fig. 7a). In the inner sitesAtbeth
sites, the fossil community is dominated by the presence of four major component: the calcareous Globocassidulina biora
and Globocassidulina subglobosa, while the agglutinated fauna is mainly composed by Paratrochammina bartrami and
Portatrochammina antarctica (Fig. 9). The latter two are indicative of locations with high carbonate dissolution, and
elevated organic matter (OM) accumulation on the seafloor, and, because of their fragile test material, to sluggish circulation
regimes, all of which are consistent with the environmental features derived from the sedimentological properties (Fig. 9,
Anderson, 1975; Capotondi et al., 2020; Majewski, 2010; Majewski et al., 2023; Majewski & Anderson, 2009; Melis &
Salvi, 2009; Violanti, 2000). Anoxic (or suboxic) conditions can lead to the death of most benthic organisms, including
foraminifera, with only a few opportunistic taxa capable of surviving in low-oxygen environments, such as G. biora and G.
subglobosa (Gooday, 2003; Levin et al., 2009). Thus, the presence of these species, known for their tolerance to low oxygen
condition, opportunistic behaviour and rapid reproduction, supports the hypothesis of oxygen-depleted bottom conditions
while highlighting the influence of organic-rich, poorly oxygenated microenvironments_affecting—hinging—on-the living
foraminiferal community structure (Fig. 4b). The presence in the fossil assemblage of the phytodetritivorous species
Epistominella exigua further corroborates this view of enhanced OM fluxes, that might be associated with the seasonal
break-up of the sea-ice cover (Mackensen et al., 1993; Smart et al., 1994; Gooday, 1999; Lehrmann et al., 2025). However,
the preservation of this faunal component seems to be severely limited by the high dissolution conditions that develops
deeper in the sediments and probably later in the year (Fig. 5 and Fig. 9). By these considerations, it is plausible that theseis

discrepancies between the living and fossil assemblages over the innermost site arised due to a combination ofare

representative—ef—a substantial mortality events following the sea-ice break up_and taphonomic controls on the dead

assemblage. The date of retrieval of the core was late in the austral summer (Table 1), well after the first break-up of the sea-
ice, aligning with this-explanatienintepretation.

Thus, the presence of relatively high fluxes of OM could exert a double control on the population. First, the break-up of the
sea-ice cover enriches the seafloor of OM due to enhanced primary productivity because of the light availability. Afterwards,

the absence of a strong circulation regime can increase the remineralization and oxidation potential of this food bank,

providing a suiting—suitable explanation of the diseussed—diserepaneystrong differences between the living and dead
assemblages (Smith et al., 2015). While this makes the foraminiferal prone to dissolutione, it also stresses the importance of

considering this fjord as an efficient hotspot of OC burial (Smith et al., 2015).
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4.2.2 Entrance part (site 178)

In terms of geochemical and sedimentological parameters, this site is eemprised-betweentransitional between the innermost

and the outermost station (Fig. 2b, Fig. 9). Interestingly, the living benthic foraminiferal community is characterized by
being most similarsimilar the—eneto the sites that are inside of the fjord, in both the total number of specimens and
community structures (Fig. 3, Fig. 7). However, in the fossil-dead assemblages the separation of this-sitethe entrace from the
innermest-inner fjord sitesenes is more-evident (Fig. 4, Fig. 7b). On the surface, the living community is characterized by
calcareous miliolid of the epifaunal genus Pyrgo (Pyrgo oblonga and P. williamsoni) and by the presence of the agglutinated
miliolid Miliammina arenacea.:—geing—Ddowncore, the community is replenished by the agglutinated uniserial Nodulina
dentaliniformis,and the trochospiral Paratrochammina tricamerata and P. bartrami (Fig. 3b). On the other hand, the fossils
community is characterized by a strikingly similar composition throughout, mostly composed_of Pseudobolivina antarctica,
Potratrochammina antarctica, Miliammina arenacea and Paratrochammina bartrami, all of which are agglutinated forms
(Fig. 4b). While dissolution conditions might affect the deadfessil-assemblage, as evidenced by the discrepancies between
the content of calcareous tests ien the first cm, the community is dominated by agglutinated forms in both_living and dead
assemblages going devwneere-with depth in the cores (Fig. 5). The high content of Pseudobolivina antarctica in the fossil

assemblage is particularly remarkable since, in the living one, it is found in only one sample at a depth of 3 cm (Fig. 3b),

hinting to a different ecological preference rather than an increase in its concentration produced by dissolution alone. Site

178 is located at mouth of the fjord, where most of the variability in both oceanographical and sedimentological parameters
happens in enclosed basin.; Ddue to water mass exchange with the outer bay and because landfast sea-ice is being-more

prone to be broken because of the increasing distance from its anchored coastal part, the area is affected by strong and

complex environmental dynamics (Cottier et al., 2010; Fraser et al., 2023; Howe et al., 2010; Zhao et al., 2022). This is
further supported by the highest number of tubular fragments found at site 178, indicating a strong hydrodynamical regime

(Majewski et al., 2023, Fig. S3). Hence, while dissolution cannot be fully ruled out as a major component affecting the

preservation potential at this site, the presence of a different ecological succession of benthic fauna over the year can also be
seen as concurring factor in shaping the community structure (Alve, 1999). However, more studies need to be done to fully

understand the possible effect of deep and intermediate water and frame these peculiar discrepancies_over the entrance site

where the interplay between the inner fjord water masses and -

As_to what these species_may indicates, they align with the “mixture” of environmental conditions that the microhabitat at
this-site_178 experiences (Fig. 2, Fig. 9). The presence of miliolids in the first cm of the living assemblages, as well as the
presence of strictly infaunal species (N. dentaliniformis) throughout the core are indicative of more oxygen, more salinity
variation but with conspicuous content of labile OM that is degraded by enhanced microbial activity (Kender & Kaminski,
2017; Lukina, 2001; Majewski, 2005). These environmental signals seem to be preserved in the fossil community even if the
indicator species changes: Pseudobolivina antarctica has been found in OM-enriched-mud deposits, while M. arenacea is

indicative of oxic to suboxic conditions and/or dissolution conditions that could derive from saline and cold water massess
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(Capotondi et al., 2018; Lehrmann et al., 2025; Majewski et al., 2023; Rodrigues et al., 2013; Violanti, 2000; Ward et al.,

1987). Presence of trochospiral forms such as P. bartrami and Portatrochammina antarctica further supports the high OM

content flux at the bottom (Majewski et al., 2023).

4.2.3 Outer Bay (site 170 and 180)

The outer sites constitute the other environmental end member for-of the analysed transect (Fig. 2, Fig. 9). An ameliorant of
the microhabitat conditions respect to the inner station can be inferred by the increased number of specimens (Fig. 3a).
Moreover, going deeper into the core, the fossil assemblage is characterized by an increase in the calcareous component of
the fauna, thus indicating a reduction in the dissolution conditions (Fig. 5c¢). The presence of a more dynamical and less
severe environmental bottom conditions is reflected in both the living and fessis-dead assemblages (Fig. 3, Fig. 4). The
living assemblage is mainly composed by Globocassidulina biora, Globocassidulina subglobosa, Trifarina angulosa and
Miliammina arenacea; downcore appearances of Nodulina dentaliniformis and Reophax scorpiurus are visible (Fig. 3b).
While the presence of G. biora and G. subglobosa can be indicative of the still high, but lower, OC content (> 0.3, Fig. 2b,
Majewski, 2005, 2010; Majewski et al., 2019), the presence of 7. angulosa aligns with the presence of coarser grain size,
that can be indicative of higher hydrodynamical conditions at the bottom (Melis & Salvi, 2009; Murray & Pudsey, 2004;
Violanti, 2000). Moreover, the stable presence of both 7. angulosa and G. biora geing-downcore suggestsing a facultative
infaunal behaviour of these taxa.

The higher content of M. arenacea at thisstatienthe outer sites might be caused by an increase in the oxygen content rather
than dissolution (Lehrmann et al., 2025). In addition, the downcore presence the deep infaunal species N. dentaliniformis and
R. scorpiurus further corroborates this view, since both have been associated with presence of labile OM and are resistant to
change in salinity, suggesting higher hydrodynamic conditions (Kender & Kaminski, 2017). Similarly, the deadfessils
community is characterized by the prominent presence of G. biora, G. subglobosa and T. angulosa, with a higher component
of the agglutinated specimens (Fig. 4b). M. arenacea, is still present but its more prominent, while Pseudobolivina
antarctica along with Portatrochammina antarctica and P. bipolaris become much more common going throughout (Fig.
4b). However, it is worth noting that the two deep infaual species (N. dentaliniformis and R. scorpiurus) do not constitute a
significant proportion of this assemblage at this-siteouter sites, probably because of the elongated test being susceptible to
easily break (Majewski, 2005; Majewski & Pawlowski, 2010). Still, the fossil assemblage at these outer sites is closely

related to the living one, suggesting high carbonate preservation potential on the outer bay.

4.3 Comparison with the paleocommunities from the Late Holocene

In coastal Antarctica, the presence of sea-ice affects almost every aspect of the water column (Fraser et al., 2023). Generally,
after the first sea-ice break-up, light availability increases and this, along with the presence of a nutrient input, translates into
higher surface productivity as well as increased OM fluxes to the seafloor (Arrigo & van Dijken, 2004; Misic et al., 2024). In

the Edisto Inlet, paleoenvironmental reconstruction from the nearby piston core TR17-08 using benthic foraminiferal
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communities had highlighted the role of fast-ice in shaping the benthic community (Galli et al., 2023, 2024, 2025). Along the
transect analysed in this study, the benthic foraminiferal community in Edisto are affected by the sedimentation rate, the
quantity of OM at the bottom and the hydrographic regime (Fig. 9), all of which are closely related to the presence of a
seasonal cycle of freezing and thawing of the sea-ice cover (Fraser et al., 2012, 2023). Similar to the communities in the
Arctic, this suggests that the benthic foraminiferal community in Antarctica, even at deep sites (> 200 m b.s.1.), are sensitive
to different seasonal sea-ice conditions (Fossile et al., 2020; Lohrer et al., 2013; Seidenkrantz, 2013).

Hence, by comparing the composed record of the fossil assemblage at_the two nearest sites (24 and 178) with the faunal
succession collected along the core TR17-08, it might be possible to give a broader and more general context of the modern
environmental settings derived from the benthic foraminifera information. This comparison can be done because the core
collected at sites 24 and 178 spans ca. 60 years (Fig. 2a) making the deadfessil assemblages collected over the 5 cm a time
frame long enough to be comparable to a longer baseline, in this case the last 3600 years BP. Although Galli et al., (2025)
used a size fraction > 150 pm, whiele this study focussed on the > 125 um, it is unlikely that the 25 pm difference have
significantly influenced the differences between the communities (Fig. 8, Weinkauf & Milker, 2018).

Briefly, a typical Antarctic fjord environment was hypothesized between 3600-1500 years BP because of the dominance of
Globocassidulina biora, G. subglobosa, and the presence of Portatrochammina antarctica and Paratrochammina bartrami,
which are commonly found in other inlet and enclosed basins across different Antarctic coastal sites (Galli et al., 2025;
Majewski, 2010; Rodrigues et al., 2013). From 1500-1100 years BP, a transitional period with prolonged summer free-
ieeice-free conditions along with an increase in the glacial discharge closed the fjord from the general circulation. From
1500-1100 a cooling period, culminating with the transition from a calcareous dominated fauna to an agglutinated dominated
one was detected (Galli et al., 2023). The latter was followed by another 700 years interval of very low benthic foraminiferal
abundances, probably related to_a substantial increase in the sea-ice cover period (Galli et al., 2023; Di Roberto et al., 2023;
Tesi et al., 2020). Additionally, to G. biora, G. subglobosa, P. antarctica and P. batrami, we also compare the content of
Trifarina angulosa as an indicator of benthic hydrodynamic conditions at-the-bettom-and Miliammina arenacea to address
the dissolution and/or suboxic to oxic conditions at the seafloorbettem (Fig. 8). As evidenced by the fjord-like community,
the fjord has not fully recovered to the late Holocene state (3600-1500 years BP), and the benthic fauna is similar to the one
from the cold transitional state, a period in which the foraminiferal community was severely stressed (Galli et al., 2025).
Only G. subglobosa increased significantly in respect to the cooling transitional periods, thus suggesting an increase in the
OM content at the bottom, probably due an increase in the seasonal regime of the sea-ice recover and more warmer
conditions, like the ones characterizing the 1500-1100 years BP interval (Galli et al., 2023, 2025). Interestingly, there is an
increase in the 7. angulosa content that suggest increase of the hydrodynamical bottom conditions, which aligns with the
significant increase of M. arenacea respect to both transitional periods (Fig. 8). M. arenacea content is also similar the one
derived from the 3600-2700 years BP, which corresponds to a period in which the presence of higher salinity water masses
(as the HSSW) was more prominent in the Inlet (in Fig. 9 this is highlighted by the presence of outlier points, Galli et al.,
2025). Thus, it is possible that benthic foraminiferal community that inhabits the fjord today, hawve-has yet to recovered from
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the two highly stressful period (1500-1100 years BP; 1100 -700 years BP), but an ameliorant of the bottom conditions can be

hypothesized by the changes in the major component of the benthic foraminiferal fauna.

5. Conclusions

By comparing the geochemical properties and the benthic foraminiferal fauna of the upper 5 cm of five sediment cores
retrieved in Edisto Inlet, it was possible to understand the main distributional pattern of the benthic meiofaunal components
within this Antarctic fjord and understand what drives their ecological preference and their preservation potential. Two
distinct environmental settings were identified, the inner part of the fjord (sites 34 and 24) and the outer fjord (sites 170,
180). The entrance site (178) showed mixed properties between these two endmembers. Inner stations were characterized by
low dry densities, low MS, high sediment accumulation rates, low Eh and lower sand content, all which are indicative of
oxygen-depleted sediments with a high fresh OM content efficiently buried within the sediments. On the other hand, outer
stations are characterized by low sedimentation rates, high dry densities and lower organic carbon content, indicative of a
higher oxygen content at the bottom associated with less OM; (but still a high overall content of the latter)r; probably due to
a higher hydrodynamical regime at the bottom.

Both living and dead assemblages of the benthic foraminiferal community reflects these differences. The Rose-Bengal
stained “living” assemblage on the inner part of the fjord are-is characterized by the lowest number of individuals and a

higher number of dead, suggesting the presence of substantial mortality events caused by the cascading effect sea-ice break

up:_the increase in primary productivity, and the associated export of OM to the bottom. Due to the onset of a stressful

environment after the first-sea-iee-break up, a sluggish circulation regime in concomitance with high fluxes of OM, might
severely deplete the water column of oxygen and increase the dissolution condition at the bottom. Inner stations are also
characterized by a release of these stressful environmental conditions going near the fjord-head. The hard-shelled benthic
foraminifera community is mainly composed by Globocassidulina biora and Globocassidulina subglobosa along with the
agglutinated species such as Paratrochammina bartrami and Portatrochammina antarctica, resembling a high OM setting
with sluggish circulation regimes, aligning with the geochemical parameters. In addition, the overall decrease of calcareous
forms in the fossil assemblage that characterized the deeper parts of the cores suggest high dissolution conditions.

At the sill, the dominant faunal component of the first centimeter are miliolids, while, going deeper into the sediments,
specimens of deep infaunal species such as Nodulina dentaliniformis appears, indicating a higher hydrographic regime, in
conjunction with a less oxygen-depleted environment with less OM content. The fessil-dead assemblage is highly dissimilar
from the living one, with the prominent presence of Pseudobolivina antarctica and with a lesser degree, Miliammina
arenacea. While dissolution cannot be fully ruled out as an explanation of these living-dead discrepancyies, it is possible that
this agglutinated community might reflects different period of an ecological succession that develops later in the year_and

less OM availability.-
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1On the outer fjord, living and dead assemblages are more similar. Both assemblages are constituted by Trifarina angulosa,
indicating higher bottom current activity, while the presence of the infaunal Nodulina dentaliniformis and Reophax
510 scorpiurus resembles the presence of labile OM at the seafloor-bettern. On-At the outer stations, calcareous species such as
Trifarina angulosa and Globocassidultinda spp.s, along with the agglutinated M. arenacea align with coarser grain size that

reflects these higher hydrodynamic conditions and a general higher oxygen content #n+respeetcompared to the inner part.

Lastly, by comparing the relative abudances from the nearby piston cores TR17-08 of G. biora, G. subglobosa, P. batrami,
Portatrochammina antarctica, T. angulosa and M. arenacea with the ones derived from the nearby sites (24 and 178) it was
515 possible to determine a more general context of this benthic communityties: while the fjord-like community hasve yet to be
recovered to Late Holocene values, the presence of a significant increase in 7. angulosa and M. arenacea from the 1500-
1100 years BP interval suggest an ameliorant from the harsh and stressful conditions that developed during that cooling

period.
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Appendix A — Taxonomic plate

Plate Al. 1a-b) Rhabdammina sp. 1; 2a-b) Rhabdammina sp. 2; 3) Nodulina dentaliniformis; 4) Reophax scorpiurus; 5) Reophax
spiculifer; 6) Agglutinated tubular fragment; 7) Lagenammina difflugiformis; 8) Lagenammina sp. 1; 9) Lagenammina sp. 2; 10)

|550 Pseudobolivina antarctica; 11a-b) Spiroplectammina biformis; 12a-b) Eggerelloides sp.; 13 a-b) Psammosphera fusca; 14)
Rhumblerella sp.; 15) Ammovertillina sp.; 16) Ammodiscus incertus.
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Plate A2. la-c) Recurvoides contortus; 2) Paratrochammina tricamerata; 3) Paratrochammina bartrami; 4) Portatrochammina
antarctica; 5) Portatrochammina bipolaris; 6) Cribrostomoides jeffreysii; 7) Adercotryma glomeratum; 8a-b) Pyrgo elongata; 9)
Miliammina arenacea.
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555 Plate A3. 1) Hyalinometrion gracilium; 2a-b) Lagena substriata; 3) Ehrenbergina glabra; 4) Parafissurina sp. 5) Parafissurina
fusiformis; 6) Stainforthia concava; 7a-b) Fursenkoina subacuta; 8a-8b) Bolivinellina pseudopunctata; 9a-d). Trifarina angulosa.
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Plate 4.1a-1¢) Globocassidulina biora; 2-3) Cassidulinoides porrectus; 4-6) Globocassidulina subglobosa; 7) Epistominella exigua; 8)
loanella tumidula; 9a-b) Astrononion antarcticus; 10) Astrononion echolsi; 11) Pullenia quinqueloba; 12a-b) Rosalina globularis.
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