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Monitoring recent short and long-term climatic variations in the Kveithola Trough.

Comparison of the living and dead foraminiferal assemblages

Integration of the foraminifera, oceanographic and sedimentological data.

Analysis of taphonomic processes using the living and dead foraminiferal assemblages

Evaluation of bias on the paleocological reconstruction due to taphonomy
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Living and Dead foraminiferal assemblages of the last decades from Kveithola Trough:

taphonomic processes and ecological highlights.

Abstract

We examine the living and dead benthic foraminiferal assemblages from the topmost 10cm (using
150 um sieve fraction) of three sedimentological short records collected in the Kveithola Trough
(northwest Barents Sea). Our aim is to reconstruct the environmental variations of the last decades,

connected to the interaction among the North Atlantic and the Arctic water masses. Our samples

are collected at water depths between 150 and 380 m during the Eurofleets2-BURSTER

oceanographic cruise, on board of the R/V Polarstern (June 2016).

In the Cell Tracker Green (CTG) labelled living foraminiferal fauna, the main species are Pullenia bulloides,
Globobulimina auriculata, and Nonionellina labradorica, while in the dead assemblages the main species

are Cassidulina neoteretis, Cibicidoides lobatulus, and Cassidulina reniforme (outer, inner, and shelf

stations, respectively). The dead foraminiferal assemblages show no significant traceable environmental

changes in the Kveithola Trough area occurred during the last ca. 100 years. Conversely, the living
foraminiferal fauna shows that this area is subject to variations related to circulation changes and organic

matter burial in sediments, to which the biota adapts quickly. Moreover, the species that are only
observed in the dead foraminiferal assemblages and not in the living CTG-labelled foraminiferal
assemblages (e.g. C. reniforme) are typical of colder water and highlight the ongoing warming of the Arctic
area. We find that the preservation of foraminiferal tests may bias the paleontological results. The

agglutinated tests are often disintegrated, and the delicate calcareous ones are broken. The

environmental conditions (style of sedimentation, bottom currents, interaction with other communities)

can weaken the foraminiferal tests and make them prone to breakage ordissolution.
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Abstract

We examine the living and dead benthic foraminiferal assemblages from the topmost 10cm (using

150 um sieve fraction) of three sedimentological short records collected in the Kveithola Trough
(northwest Barents Sea). Our aim is to reconstruct the environmental variations of the last decades,
connected to the interaction among the North Atlantic and the Arctic water masses. Our samples
are collected at water depths between 150 and 380 m during the Eurofleets2-BURSTER

oceanographic cruise, on board of the R/V Polarstern (June 2016).

In the Cell Tracker Green (CTG) labelled living foraminiferal fauna, the main species are Pullenia bulloides,

Globobulimina auriculata, and Nonionellina labradorica, while in the dead assemblages the main species
are Cassidulina neoteretis, Cibicidoides lobatulus, and Cassidulina reniforme (outer, inner, and shelf
stations, respectively). The dead foraminiferal assemblages show no significant traceable environmental

changes in the Kveithola Trough area occurred during the last ca. 100 years. Conversely, the living

foraminiferal fauna shows that this area is subject to variations related to circulation changes and organic
matter burial in sediments, to which the biota adapts quickly. Moreover, the species that are only

observed in the dead foraminiferal assemblages and not in the living CTG-labelled foraminiferal
assemblages (e.g. C. reniforme) are typical of colder water and highlight the ongoing warming of the Arctic
area. We find that the preservation of foraminiferal tests may bias the paleontological results. The
agglutinated tests are often disintegrated, and the delicate calcareous ones are broken. The

environmental conditions (style of sedimentation, bottom currents, interaction with other communities)

can weaken the foraminiferal tests and make them prone to breakage ordissolution.

Keywords Living vs. dead benthic foraminifera; taphonomic processes; oceanographic processes;

Kveithola Trough (Barents Sea); Arctic.
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1. Introduction.

Polar regions are extremely sensitive areas to long-term climatic variations, which include both natural

and anthropogenicinfluences. As indicated in the IPCC (Intergovernmental Panel on Climate Change) 2019
report, these changes include variations in the Arctic temperature and sea ice extent, producing

alterations in the ocean salinity and primary production, and extreme weather conditions around the
world (precipitations, droughts, heat, and cyclones; Solomon et al., 2007). The sea ice extent and the
seasonal/interannual variations of temperature, albedo, productivity, etc., principally influence the Arctic
Ocean (Serreze et al., 2007; Screen and Simmonds, 2010a; Comiso and Hall, 2014; Lind et al., 2018). The
marginal Barents Sea is located south of this area and is characterised by two main climatic regions, the

cold sea ice covered area in the north and the warmer and productive area in the south (Loeng, 1991;

Screen and Simmonds, 2010b; Smedsrud et al., 2013; Lind et al.,2018).

The Kveithola glacial trough system in the NW Barents Sea corresponds to a complex geomorphological

environment located at the sea ice limit and influenced by the interaction of different water masses
(Atlantic and Arctic waters) (Aagaard, 1989; Loeng, 1991; Vinje and Kvambekk, 1991; Loeng et al., 1997;

Orvik and Niiler, 2002; Maslowski et al., 2004; Smedsrud et al., 2013). Quaternary climate studies of the
Barents Sea, based on sedimentary data set, indicate a general increase in the sea temperature (Duplessy
etal., 2001; Rebesco et al., 2011; Ruther et al., 2012; Groot et al., 2014; Dijkstra et al., 2017a). In particular,
some papers highlighted the variation in the inflow of the warm Atlantic water into the Barents Sea during

the Holocene (Duplessy et al., 2001; Sarnthein et al., 2003; Slubowska-Woldengen et al., 2007; Groot et

al., 2014).

Some of these paleoclimatic studies have been based on benthic foraminiferal records from the Barents

Sea (e.g. Sarnthein et al., 2003; Slubowska-Woldengen et al, 2007; Groot et al., 2014; Dijkstra et al.,
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2017a). Benthic foraminifera are important (paleo-) ecological indicators due to their wide diffusion in the

oceans, and their good potential preservation in the fossil record. The distribution of the foraminiferal
living assemblages in the Barents Sea is strongly related to water mass characteristics, e.g. temperature

and available nutrition (e.g. Saher et al., 2012; Dijkstra et al., 2013). Studies that compare the living and
dead benthic foraminiferal assemblages point to some preservation issues (transport, bioturbation,
dissolution and/or broken test), which may bias the interpretation of the fossil record (e.g., Hald and

Korsun, 1997; Wollenburg and Mackensen, 1998; Dijkstra et al., 2017a; Dijkstra et al.,2017b).

Based on this premise, the objective of this study is threefold: 1) to discuss the distribution of living

foraminiferal assemblages in the Kveithola Trough and their relation to the local oceanographic processes;

2) to evaluate the taphonomic processes that bias the ecological interpretation in a high-latitude

environment; and 3) to reconstruct environmental variations of the last decades on the basis of the dead

foraminiferal assemblages. To reach these objectives we have analysed oceanographic,

geomorphological, and sedimentological data as potential drivers of the living and dead foraminiferal

assemblages.

2. Bathymetric features and oceanographic patterns of the study area

The Kveithola Trough located in the NW Barents Sea, is an abrupt bathymetric feature about 100 km long

and 13 km wide, with a water depth ranging from 100 to 400 m (Fohrmann et al., 1998; Riither et al., 2012)

(Fig. 1). The longitudinal profile of the trough is markedly staircase-like, composed of five transverse ridges

located about 15 km apart from each other, and interpreted as Grounding Zone Wedges (sensu

Dowdeswell and Fugelli, 2012) that testify the episodic mode of the retreat of former ice stream(s) after

Last Glacial Maximum (Rebesco et al., 2011; Bjarnadéttir et al.,, 2013). Other prominent seafloor
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morphological features are mega-scale glacial lineations generated by grounded ice sheet advance

(Rebesco et al., 2011), and two mounded depocentres with an associated moat developing along the
northern margin of the glacial trough that are interpreted as a sediment drift complex (Rebesco et al.,

2016) (Fig. 1). The northernmost area is crossed by a pronounced moat, that channelize dense bottom

currents crossing the trough from the inner (East) to the outer (West) area delivering sediments to the
shelf break and to the drift system (Rebesco et al., 2016; Lantzsch et al., 2017) (Fig. 1). Another important
element in the area is a system of faults in the inner part of the Kveithola Trough and the northern part
of the shelf evidenced by Mau et al. (2017). Along this fault system a local evidence of hydrocarbon

seepage activity is detected (station 21) (Lucchi et al., 2016; Mau et al., 2017; Bazzaro et al., 2020), driving

macrofaunal diversity and trophic conditions (Caridi et al., 2019).
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Fig. 1. (a) Overview map showing the location of the Kveithola Trough in the NW Barents Sea. The blue

dot-dashed line shows the position of the Polar Front (Harris et al., 1998). The green dot-dashed line
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represents the mean of the maximum sea ice extent from 1980-2010 (National Snow and Ice Data Centre

(NSIDC, https://nsidc.org/). (b) Bathymetric map of Kveithola Trough. The black ABC line shows the
location of the bathymetric profile displayed in Fig. 7. The blue filled circles indicate the cored sites. The

red arrows represent the path of the West Spitsbergen Current (WSC), whereas the light blue arrows
indicate the input of the Arctic surface water. The yellow dashed arrows indicate the direction of density
bottom currents. The grey dashed polygon on the inner Kveithola Trough delimits the sediment drift
complex, and the dark brown arrow indicates a possible terrigenous supply coming from the south

(Lantzsch et al., 2017).

Relatively fresh, cold Arctic waters (ArW) and warm, salty Atlantic waters (AW) constantly interact within

the Kveithola Trough (Fig. 1). ArW flow from the Arctic Ocean and influence the northern-eastern part of
the trough (Aagaard et al., 1985; Aagaard, 1989; Loeng, 1991; Orvik and Niiler, 2002); whereas the warm
and saline AW are transported in the area by the West Spitsbergen Current (WSC), representing the
northernmost branch of the North Atlantic Current proceeding from south along the bathymetric contour

(Aagaard et al., 1973; Aagaard et al., 1981; Aagaard, 1989; Vinje and Kvambekk, 1991; Loeng et al., 1997;

Maslowski et al., 2004; Smedsrud et al., 2013). The Kveithola Trough is seasonally influenced by the

presence of sea ice during the winter seasons as it is on the southern limit of the maximum ice extent
during late winter, around March-April (Fig. 1). However, the sea-ice extent in the Barents Sea suffers

from a strong interannual variability as well as a progressive long-term reduction (www.mosj.no). Decadal

oscillations of the sea-ice extent in the Arctic and hence in the Barents Sea seem to be linked to large scale

climatic patterns such as the Pacific Decadal Oscillation, the North Pacific Gyre Oscillation, and the North

Atlantic Oscillation-like atmospheric pressure conditions (see e.g., Koenigk et al., 2009; Yang et al., 2020).
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3. Materials and methods

The geological and oceanographic dataset presented in this work was collected during the

Eurofleets 2- BURSTER cruise on-board the R/V Polarstern (Expedition PS99-1a), Bremerhaven-
Longyearbyen, June 13—23, 2016 (Lucchi et al., 2016). The data were acquired over the Kveithola area

between 19" and 20 June 2016.

3.1 Oceanographic data set

3.1.1 Thermohaline data

Temperature (T, °C), salinity (SAL, PSU) and dissolved oxygen (DO, ml I'}), were recorded throughout the

water column by means of a SeaBird 911-plus CTD (Conductivity-Temperature-Depth) mounted on the

SBE 32 Carousel Water Sampler (Rosette) equipped with 24 Niskin Bottles (12-liter capacity). The DO

concentration was also determined in parallel on water samples taken at discrete depths from the Niskin

bottles using the Winkler method (Carpenter, 1965).

Potential temperature (8, °C) was calculated from each original in-situ data set using the toolbox TEQS-10

(http://www.teos-10.org/software.htm). Some data were plotted using Ocean Data View (ODV; Schlitzer,

2021).

3.1.2 Horizontal currents

The vertical distributions of horizontal currents were obtained from a vessel mounted Acoustic Doppler

Current Profiler (vmADCP, Teledyne RDI 150 kHz Ocean Surveyor configured in ‘Narrowband’ mode). The

water column was divided into 80 cells with 4 m size obtaining data in the range from approximately 10 m

to 320 m depth. However, the vmADCP cannot sample more than 80-90 % of the water column within its
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operating range, so it does not allow for measuring currents close to the seafloor. In our study area, the

blanking distance amounts to about 40-50 m above the seafloor.

3.1.3 Satellite images

To identify the southern limit of the sea ice extent during winter, we used satellite images that are freely

available from the NASA Worldview application (https://worldview.earthdata.nasa.gov), part of the NASA

Earth Observing System Data, and Information System (EOSDIS). The spatial imagery resolution is 250 m,

and the temporal resolution is daily.

3.2 Geological data set

Multicore samples were collected using a video-guided multi-corer (TV-MUC), along a  west- east
(outer-inner) transect in the Kveithola Trough, at water depths ranging from 376 m to 159 m (Fig. 1;
Tab. 1). Two cores from each deployment were selected. One core was sampled on-board for living
benthic foraminiferal analysis, and a second core was opened, described, subsampled on-board and used
for radiometric dating and analysis of grain size and dead benthic foraminifera. In this study, we focuson

the upper 10 cm of the sediment cores, which were sliced at every 0.5 cm for the upper 2 cm and at every

1 cm in the interval between 2-10 cm below seafloor (bsf).
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Tab. 1. Location and water depth of the multi-cores, and average values (0-10 cm bsf) of physical and

biochemical characteristics. BAC = bioavailable carbon, and algal fraction of BPC, Lipid and CHO =

carbohydrates (from Caridi et al., 2019).

Station Coordinates  vaterdepth  nean grain BAC Algal fraction  Lipid CHO
L) size (phi) (mg/g) of bpc% (mg/g) (mg/g)

02 71‘;5015"‘;94,':' 376 4 252 10.45 049 234

21 714705221'2%,'\;‘ 306 5 6.23 17.27 127 7.0

07 4 SEQG?ZNE A 159 6 5.97 34.13 172 7.02

3.2.1 Grain size analyses

Grain size analyses were performed using a Coulter-counter laser Beckman LS-230 scanning the 0.04-

2000 pum fraction with 0.004 um resolution. The sediments were treated with peroxide water to eliminate
the organic matter, and the disaggregated sediments were suspended into a 0.1% sodium-

hexametaphosphate solution to prevent sediment flocculation. The samples were left 3 minutes into an

ultrasonic bath prior to measurement. The results were classified according to Friedman and Sanders

(1978) grain-size scale.

3.2.221%p and *3’Cs analysis

Sedimentation rate (SR) for the three cores was determined on the basis of short-lived radionuclides (?!°Pb
and ¥’Cs). Samples of 20 gram of sediment were homogenised, packed in vials of uniform geometry and
left for three weeks before they were measured for 24 h with a high-purity germanium detector (Canberra
BE3830). The ages and SR were calculated on the basis of constant flux-constant sedimentation model
(CF-CS) (Robbins and Edgington, 1975), and the best-fit linear regression was applied to the core region

with more regularly decreasing activity, thus discarding data from the surface mixed layer or from
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subsurface peaks. Identification of peaks in 3’Cs activity helped to support the depth-age modelling

(Ritchie and McHenry, 1990; Pittauerova, 2013).

3.2.3 Living and Dead foraminiferal data

For the living foraminiferal analysis, the sediment slices were incubated in a refrigerator for 12-15 hours

in Cell Tracker Green CMFDA (CTG), and then fixed in 10% formalin buffered with sodium borate solution,

following the staining procedure as indicated in Pucci et al. (2009). CTG is a non-terminal, non-fluorescent
probe that can be cleaved by non-specific esterase common to living cells, producing a fluorescent

compound, fluorescein, visible using a fluorescent microscope. The requirement of esterase activity

means that a cell must be alive to produce fluorescence (Bernhard et al., 2006). In the laboratory, the
sediment samples were sieved through 63, 150 and 500 um mesh, and kept wet while the whole amount

of living specimens were hand-sorted in water using a fluorescence binocular microscope from both size

fractions. For this study, we used the data obtained from the coarse fraction (up to 150 um), besides we

did not consider the soft-shelled foraminifera because these taxa are not preserved in the
thanatocoenosis, as their organic tests degrade and disappear as soon as they die. The soft-shelled

foraminifera were counted only in the living microfauna, found to constitute about the 35% of the total

living assemblages. Such data set will be discussed in a future study focused on the ecology of soft-shelled

taxa (Caridi et al., in preparation). To compare living to dead foraminiferal data, we normalised the values

of the living foraminifera for volume of sediment, in gram of sediment, using the followingformula:

m=pV where: m = mass of the sediment in gram, p = density in g/c.c. and V = volume in c.c.

The samples for analysis of dead foraminiferal assemblages were dry-weighed and wet-sieved using the

mesh size of 63 um. The sample was then dry-sieved at 150 and 500 um and analysed for the dead benthic

foraminiferal assemblages, while the finer size fractions (63-150 um) were stored for future studies. At

10
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least 300 specimens were picked and identified at species level. For each sample, both living and dead

foraminifera were mounted on Plummer cells. The identification at the species level was performed

following the taxonomy by Ellis and Messina (1940-1978), Loeblich and Tappan (1953, 1988), Feyling-
Hanssen et al. (1971), Wollenburg and Mackensen (1998) and Holbourn et al. (2013). Eventually, some

species with similar ecological preferences and belonging to the same genus were grouped together. We

identified Buccella frigida and Buccella inusitata, grouped as Buccella spp.; Islandiella norcrossi and

Islandiella helenae, grouped as Islandiella spp.; Reophax scorpiurus and Reophax fusiformis, grouped as
Reophax spp. Rotaliida spp. comprises a group of species belonging to the same order that we have not

been able to identify, since their apertural areas are broken making further identification impossible

(Plate 2). The agglutinated broken tests do not allow the identification at the species level and in some

cases preclude their recognition at the genus level (Plate 2). The degree of damage of a test or the
percentage of broken agglutinated tests was not possible to quantify. No further identification was

attempted, as it is not possible to recognise one individual test by the number of broken pieces found in

a sample (De Stigter et al., 1999). Species with a relative abundance >5% in the dead and living

assemblages are considered as main species.

Living and dead ratios were calculated to compare the living and dead proportions of species (Jorissen

and Wittling, 1999; Duros et al; 2012; Dessandier et al, 2018):

1/(1+d) where: | = % of living foraminifera and d = % of dead foraminifera

The diversity indices, number of species (S), dominance (D) and Shannon (H) index, were calculated using

the software PAST (Hammer et al., 2001).

11
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4. Results

4.1 Water masses properties and ocean current variability

The horizontal and vertical distribution of the physical and biogeochemical properties have been
investigated along four N-S oriented sections, two of which went through (or close to) the stations where

the sediment samples were collected and hence are presented here (Fig. 2). We have distinguished two

main water masses in the Kveithola Basin in June 2016. The relatively warm and saline AW with 6 > 4.50 °C

and SAL > 35.10 and colder and fresher water originating from the Barents Sea and the northern shelves
with 8 < 4.00 °C and SAL < 35.00. Dissolved oxygen (DO) ranges from 4 to 7 ml/l in the study area. The

lower DO values are primarily associated with the AW and higher values with the shelf waters (Fig. 2).

Generally, potential temperature salinity are higher in the upper layers with the values 4.00 - 6.95 °Cand
34.80 - 35.15 (Fig. 2). Below 200 m water depth there is a core of cold (<4.00 °C), fresh (minimum ca.

34.90) and oxygenated water. The outermost S-N transect (S1) is characterised by a more evident AW

signal, than the inner transect S3. Along the transect S3, passing near station 21 and above station 07, the

frontal separation between AW and shelf waters become sharper, and shelf waters extend from the

surface down to the bottom in the northern part of the section (Fig. 2). The near-bottom distributions of
potential temperature and salinity reveal higher values (4.30-5.00 °C and 35.03—-35.10) in the southern

deep part of the study region than in the northern part (Fig. 3). The concentrations of DO are in contrast

higher in the north-eastern part of Kveithola.
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Fig. 2. Vertical distribution of potential temperature 6 (°C), salinity (SAL) and dissolved oxygen DO (ml/l),

along south- north sections S1 (a, b, c) and S3 (d, e, f). The blue filled circles in the sections S1 and S3

indicate the oceanographic stations, while triangles indicate the MUC stations.
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Fig. 3. Near bottom values of potential temperature 6 (°C), salinity SAL, and dissolved oxygen DO (ml/l),

from the CTD data. The triangles indicate the position of the MUC stations used in this work.

The current speed has been measured through most of the water column along the ship’s route (Fig.4a),

and it vary between nearly 0 and 0.4 m/s (Fig. 4b). Highest values are recorded between 150 and 200 m

water depth near the western border of the Kveithola Trough. Current speeds are low and notexceeding

0.09 m/s in the deeper parts of the water column, while high values are found over areas with the

shallower depths within Kveithola.
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Fig. 4.Current speed the Kveithola Trough. (a) The red filled circles show the location of the three MUC
stations (02, 07, and 21) and the track of the ship’s route (blue solid line: from St. 02 to St. 07, blue dashed
line: from St. 07 towards Sts. 21 and 02). (b) Time-depth diagram of current speed. Station 02 has been

surveyed at the beginning and at the end of the cruise.
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4.2 Sea ice extension

The maximum seasonal sea ice extent in the Barents Sea usually occurs between March and April. Winter

2016 has been characterised by the lowest sea ice extent during the last 40 years (NSIDC,

https://nsidc.org/), and little sea ice has been observed in the study area (Fig. 5). In recent years, this area

of the Arctic has often been characterised by the absence of ice during the winter period (e.g., Peng et al.,

2018). One has to go back to winter 2013 to find sea ice throughout the north-western basin of the Barents
Sea, even near the Kveithola Trough (Fig. 5), while the last above-average value for the period 1979-2019

has been recorded in 1998 and 2003.

b. e
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sea ice extent
Mean 1980-2010 il I W
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a |
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Fig. 5. (a) Map of the Barents Sea showing the average maximum seasonal sea ice extent during 1980-

2010 (orange dashed line), in 2013 (dark-blue line), and in 2016 (light-blue line)  (NSIDC,
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https://nsidc.org/). (b) Satellite images (Terra/Modis, true-colour corrected reflectance) from 8 March

2013 (on the left) and 12 March 2016 (on the right) showing the maximum seasonal sea ice extent in the
north-western Barents Sea (the Svalbard Archipelago and the Storfjorden are visible in the northern part

of the images). (c) Time series of the mean monthly sea-ice extent in April in the Barents Sea, the month

that normally has the largest sea-ice coverage in the area (Norwegian Polar Institute, www.mosj.no) for

the period 1979 - 2019. The 30 years-average value (green dashed line) and the linear trend (yellow line)

throughout the period are also indicated.

4.3 Grain size and sedimentation rate (SR)

The general grain size for the upper 10 cm of the multicore from station 02 is silt-fine sand (63-150 um),

coarse silt (31-63 um) in station 21, and medium to coarse silt (8-15 um -6 phi) in station 07 (Tab. 1).

Activity-depth profiles of excess *°Pb show a quasi-exponential downcore decline, with only small

fluctuations (supplementary material SF. 1).

Station 02, located in the Trough mouth, is characterised by the lowest average SR (on avg. 0.08 cm/yr).

Stations 21 and 07 have higher sedimentation rates 0.13 and 0.22 cm/yr, respectively. 1¥’Cs activities are

very low, often below the detection limit. However, at station 07, the Chernobyl peak of 1986 is
recoghizable, supporting SR values based on the ?'°Pb profile. The obtained values of SR are comparable
with those previously reported for the Barents Sea (e.g., Zaborska et al., 2008). Based on calculated SRs,
the analysed sedimentary intervals span from 115 years (station 02) to 43 (station 07) (supplementary

material ST. 1).
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4.4 General faunal distribution and diversity indexes

The analysis of the living benthic foraminifera (size fraction 2150 um) have identified 23 species, where

19 are calcareous and 4 species agglutinated. In general, the living foraminiferal assemblages are mainly

composed by ca. 70-80% of calcareous taxa and 18-26% of agglutinated taxa (Fig. 6; Tab. 2). The highest

number of living foraminiferal individuals is found at station 07 with 149 individuals. Yet, station 02 show

a more diverse fauna with 15 species. For all the stations, the highest concentration of living foraminifera
is found in the first 2- 3 cm bsf. The maximum concentration is registered at station 07 with 5 spec./g at

2 cm bsf. At this station, the living foraminifera are also found down to the maximum depth of 9 cm bsf

(Fig. 7). Generally, the dominance value (D) increases to 1 cm down core indicating the predominance of
a few or only one species. Station 02 show a high diversity of the living assemblage with a total D value of

0.1 (Tab. 2). Shannon (H) values decreases to 0 when depth increases, and only one taxon is present.

In the dead foraminiferal assemblages (fraction 2150 um), 68 benthic foraminiferal species (50 calcareous

and 18 agglutinated) are identified. The distribution of the dead foraminiferal assemblage in the topmost
10 cm of sediment show a dominance of the calcareous species, which constitutes more than 95% in all
the stations. The agglutinated species are present with a maximum of 2% at station 07. The number of
taxa (S) ranges between 36 (station 21) and 49 (station 02). The concentration is 160 to 4977 spec./g, of
which the major contributor is the calcareous group (see supplementary material ST. 2). For all the
stations D values are relatively low (0.1 to 0.2 max.), indicating the equal presence of all the species in the
assemblage. These values are in agreement with the high H values indicating many taxa with a few
individuals in the assemblage. The calcareous benthic foraminifera are present in the entire record in all
the stations, while the agglutinated foraminifera occur sporadically (see supplementary material ST 2

and 3).
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Tab. 2: Foraminiferal concentrations and diversity data for each core in the size fraction 2150 um. Number

of counted specimens (N), number of species (S), number of foraminiferal specimens per gram of

sediment (spec./g), Dominance (D) and Shannon index (H). The total values are also indicated in bold font.

See supplementary material ST. 2 and ST. 3 for the separate values for the calcareous and agglutinated

groups.
) Living foraminiferal assemblages Dead foraminiferal assemblages
Station | Core depth (cm) bsf N S spec./g D H N s spec./g b H
0-0.5 25 8 3 0.2 1.9 403 29 3094 0.1 2.3
0.5-1 15 8 2 0.2 19 337 30 3280 0.1 2.5
1-1.5 2 2 0.2 0.5 0.7 302 28 2262 0.1 2.5
1.5-2 4 2 0.4 0.5 0.7 342 27 4661 0.1 2.4
2-3 3 2 0.2 0.6 0.6 313 26 4977 0.1 2.5
02 3-4 - - - - - 420 26 3313 0.1 2.4
4-5 2 2 0.1 0.5 0.7 315 29 4161 0.1 2.6
5-6 - - - - - 286 27 3272 0.1 2.4
6-7 2 2 0.1 0.5 0.7 368 25 4187 0.1 2.5
7-8 - - - - 310 21 2477 0.1 2.4
8-9 - - - - - 363 23 1509 0.2 2.2
9-10 - - - - - 325 22 2424 0.2 2.1
0-10 (total) 52 15 0.3 0.1 2.4 4084 49 3357 0.1 2.5
0-0.5 7 3 1 0.6 0.8 302 25 4069 0.1 2.7
0.5-1 29 6 4 0.4 1.2 373 29 3478 0.1 2.6
1-1.5 10 3 1 0.7 0.6 351 22 3431 0.1 2.3
1.5-2 6 3 1 0.4 1.0 585 24 4709 0.1 2.5
21 2-3 - - - - - 339 23 2921 0.1 2.3
3-4 1 1 0.1 1.0 0.0 418 22 2556 0.1 2.3
4-5 - - - - - 386 26 2664 0.1 2.4
5-6 - - - - - 425 20 4135 0.1 2.3
6-7 - - - - - 524 22 8960 0.1 2.3
7-8 - - - - - 567 20 6998 0.1 2.4
0-8 (total) 53 8 0.5 0.4 1.3 4270 36 4944 0.1 24
0-0.5 22 9 2 0.2 2.0 377 38 160 0.1 2.9
0.5-1 11 3 1 0.5 0.9 303 29 184 0.1 2.8
1-1.5 11 3 1 0.4 0.9 296 26 165 0.1 2.8
1.5-2 43 5 5 0.5 0.8 376 32 191 0.1 2.8
2-3 28 4 2 0.4 1.1 318 30 232 0.1 2.6
07 3-4 17 3 1 0.7 0.6 340 30 130 0.1 2.7
4-5 6 3 0.3 0.4 1.0 247 29 302 0.1 2.7
5-6 5 3 0.3 0.4 1.1 355 29 192 0.1 2.7
6-7 4 2 0.2 0.6 0.6 322 28 222 0.1 2.8
7-8 3 1 0.2 1.0 0.0 334 25 187 0.1 2.7
8-9 1 1 0.1 1.0 0.0 321 27 205 0.1 2.6
9-10 - - - - - 339 25 318 0.1 2.6
0-10 (total) 149 12 0.85 0.3 1.6 3928 48 214 0.1 2.8
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Fig. 6. Cumulative abundance (%) for foraminiferal test of different composition in the living and dead

assemblage at each station: calcareous (calcareous perforate), miliolids (calcareous imperforate) and

agglutinated. Note that the vertical axis starts at 50%.
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Fig. 7. Downcore living and dead foraminiferal concentrations, and distribution of calcareous (calcareous perforate), miliolids (calcareous
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4.5 Main foraminiferal species

The main calcareous living foraminiferal species are Cassidulina neoteretis, Cibicidoides lobatulus,
Globobulimina  auriculata, Islandiella  spp., Melonis  barleeanus, Nonionella  iridea,

Nonionellina labradorica, Pullenia bulloides and Trifarina angulosa (Fig. 8 and 9; Plate 1). In our study,
T. angulosa and P. bulloides exhibits an epifaunal microhabitat. Few individuals of P. bulloides and
C. lobatulus are also found at 6-7 cm bsf (or deeper), probably transported by the bioturbation process.
C. neoteretis, Melonis barleeanus, N. labradorica, N. iridea and Islandiella spp. show an infaunal habitat.

Globobulimina auriculata is present in the first upper centimetres of sediment at station 21 and deeper

at station 07.

The main dead foraminiferal species include only calcareous species as Astrononion gallowayi,

Buccella spp., Cassidulina laevigata, Cassidulina reniforme, C. neoteretis, C. lobatulus, Elphidium clavatum,
Globocassidulina subglobosa, Islandiella spp., M. barleeanus, N. labradorica, Rotaliida spp. and

T. angulosa (Fig. 8 and 9; Plate 1).

The agglutinated foraminifera show high percentages (ca. 20-25%; Fig. 6) in the living foraminiferal
assemblages. In all the stations, they are mainly represented by Reophax spp. including
Reophax scorpiurus and Reophax fusiformis. In the dead foraminiferal assemblages, the agglutinated
species occur with less than 2%, and only in stations 02 and 07. The main agglutinated species group is
Reophax spp. Only few of the specimens are well preserved, whereas most Reophax spp. are partially or

totally broken (Fig. 6; Plate 2).
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Fig. 8. Mean relative abundance of the main living and dead foraminiferal species, within the upper 0-10

cm of the studied cores.
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Fig. 9. Down core relative abundance of the main living and dead foraminiferal species.
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The |/(l+d) ratios have been calculated for the main living and dead foraminiferal species (Tab. 3). The

species N. iridea and N. labradorica are main contributors to the living foraminiferal assemblage at the
three stations, whereas, for the dead foraminiferal assemblage, the abundance of the species vary

throughout the trough. At station 02, the living species M. barleeanus, N. iridea, N. labradorica and

P. bulloides are the most abundant species, whereas C. reniforme, C. neoteretis, C. lobatulus and

T. angulosa are most frequent in the dead assemblage. At station 21 G. auriculata, N. iridea, N. labradorica
are more abundant in the living assemblage than in the dead assemblage. In the dead assemblage at the

station 21, the most abundant species are C. lobatulus and P. bulloides. At station 07, the most frequent

living species are C. lobatulus, G. auriculata, N. iridea and N. labradorica, while it changes in the dead

assemblage to Buccella spp. and M. barleeanus.
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Tab. 3: Relative abundance of the main foraminiferal species in the living and dead assemblages, and the

relative contribution of the main living species (I/(I+d). The black boxes show the higher

contribution of the living foraminiferal fauna (0.4 to 1.00). The grey boxes show the

relative

higher relative

contribution of the dead foraminiferal fauna (0.01 to 0.39). Main species that were only present in the

dead or living assemblages are also listed. Note N. iridea and P. bulloides were only main species at the

station 02 in the living assemblage; however, their values in other stations are shown.

% 02 21 07
LIVING DEAD LIVING DEAD LIVING DEAD
Main Species ) (d) I/(1+d) ) (d) I/(1+d) " (d) 1/(1+d)

Astrononion gallowayi 0 3.31 0 0 1.95 0 0 9.21 0
Buccella spp. 0 2.76 0 0 2.50 0 1.14 5.24 0.18
Cassidulina laevigata 0 11.59 0 0 16.33 0 0 1.27 0
Cassidulina reniforme 0.33 7.76 0.04 0 4.11 0 0 16.62 0
Cassidulina neoteretis 417 23.31 0.15 0 14.04 0 0 3.81 0
Cibicidoides lobatulus 056  14.89  0.04 1.85  21.72 0.08 10.42 5.18
Elphidium clavatum 0 5.30 0 0 6.92 0 0 15.24 0
Globobulimina auriculata 0 0.03 0 27.00 0.20 - 15.16 0.67 -
Globocassidulina subglobosa 0 0.42 0 0 1.30 0 0 5.73 0
Islandiella spp. 0 0.58 12.89 0 0.38 4.97 0.07
Melonis barleeanus 10.00 6.32 6.84 0 0 0.43 0
Nonionella iridea 6.94 0.04 0 1.00 0.38 0 1.00
Nonionellina labradorica 5.56 0.85 4.00 0.73 27.32 3.71 0.88
Patellina corrugata 0 0.18 0.10 0 0 3.93 0
Pullenia bulloides 11.44 1.32 4.02 0.15 0 0.47 0
Rotaliida spp. 0 0.14 0 0 0.84 0 0 9.32 0
Trifarina angulosa 3.89 11.85 0.25 0 0.17 0 0 0.08 0
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5. Discussion

5.1 Living foraminiferal assemblages and modern oceanographic conditions.

The distribution of foraminiferal fauna sampled in 2016 along the Kveithola transect reveal a strong
variability in the seabed conditions, water column characteristics, and trophic status along the trough and

on the shelf.

Station 02, in the outer trough, is strongly dominated by Atlantic water throughout the water column at

the moment of the sediment sampling, which probably caused relatively high density and diversity of the

living foraminiferal assemblage (Tab. 2). The living foraminiferal assemblage is also dominated by

M. barleeanus, which thrives within relatively warm Atlantic water (Tab. 4). The vertical distribution of
the living foraminiferal fauna is limited to 6- 7 cm bsf (Figs. 7 and 9) and dominated by the detritivore

M. barleeanus, P. bulloides and T. angulosa. The living faunal distribution may indicate oligotrophic

conditions (Tab. 4), and the bioavailable carbon value (BAC) is low at this station (Tab. 1). This is consistent
with a limited supply of nutrition caused by less sea ice in the core site in the winter 2016, hence resulting

in reduced seasonal algal blooms (Sakshaug and Slagstad, 1992; Wassmann et al., 1994) and less nutrition

to the seabed.

At station 21, in the inner part of the trough, the bottom environment is characterised by different

oceanographic conditions than station 02. Station 21 is more influenced by cold and less saline shelf
waters. In addition, station 21 is influenced by intermittent seepage activity, where the accumulation of
organic matter causes oxygen decrease within the sediment (Tab. 1). Here, the benthic assemblage is
dominated by G. auriculata related to dysoxic environments and N. labradorica, which is typically
associated with organic-rich sediments (Corliss, 1991; Koho et al., 2008) (Tab. 4). N. labradorica is a deep

infaunal species that feeds mainly on the buried organic matter (Corliss, 1991). Globobulimina genus
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usually lives in meso-eutrophic settings, deep in the sediments within or below the oxic-redox interface

(e.g. Licari et al., 2003; Koho et al., 2008). These two taxa may become very abundant if rich sources of
food are available, acting also as indicators of highly productive conditions (e.g., Jernas et al., 2018). Due

to the intermittent seepage activity observed in the area (Lucchi et al., 2016; Bazzaro et al., 2020) and the

presence of dysoxic indicators, we suppose the existence of a strong oxygen gradient at the water-
sediment interface. Nonionellina and Globobulimina taxa are not considered endemic to seeps,

nevertheless, they belong to genera that can respire nitrate instead of oxygen in environments where

sulphurs are commonly present (Rathburn et al., 2003; Levin, 2005). This stressed environment could also

cause the low faunal density and diversity (Tab. 2) and the vertical distribution of the living foraminiferal

fauna, which is limited to the first 4 cm (Figs. 2, 3 and 9).

Station 07, in the north-eastern part of the study area, is mainly dominated by cold (<5°C) and less saline

(<35) shelf waters. The core site is also influenced by sea ice in the winter 2016 (Fig. 5) and when seasonal
sea ice melts during the spring primary productivity is enhanced (Sakshaug and Slagstad, 1992). These

environmental conditions can explain the accumulation of organic matter driving the proliferation of

abundant foraminiferal fauna, dominated by Nonionella spp. and G. auricula. The vertical distribution of
benthic fauna down to 9 cm bsf (Tab. 1) may be related with the more oxygenated bottom waters, which

favour the oxygen penetration into the sediments. Caridi et al. (2019) reported for the same station, a

high macrofaunal bioturbation activity that can favour both the oxygen penetration and the mobility of

the foraminifera in the first centimetres of the sediment.
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5.2 Preservation and taphonomic processes

The living foraminiferal assemblages register a specific moment of environmental conditions, which

improves our understanding of the environmental ranges of the observed species. The dead foraminiferal

assemblages correspond to an average of the environmental conditions over time interval, which may

record several years of deposition in a specific area. This improves our understanding of the dynamics of

foraminiferal assemblages over the time. Therefore, in our study, the living foraminiferal assemblages

gave an observation of the environmental conditions during the summer (June) 2016, while the dead

foraminiferal assemblages showed the changes occurring over a larger temporal interval, givingan

average of environmental conditions throughout several years (including all seasons).

The living foraminiferal assemblages can appear different from the dead foraminiferal assemblages

leading to a correlation of different environmental conditions (Murray and Alve, 1999). The taphonomic
processes, e.g. dissolution and desegregation, damage the foraminiferal test contributing to differences

between living and dead foraminiferal assemblages.

In our stations, the main difference between living and dead assemblages is the preservation of the

agglutinated species (Figs. 6 and 7). The occurrence of agglutinated foraminifera is partially or totally

subordinated to that of calcareous species in both the living and dead assemblages due to major

preservational problems (Fig. 6). Agglutinated foraminifera have a poor preservation potential due to the
mechanical disaggregation, test compaction and degradation of the organic cement that binds together
the agglutinated grains (Schréder, 1988; Murray, 2006). Furthermore, also the calcareous or iron
compounds of agglutinates cement may dissolve or oxidize (De Stigter et al., 1999; Duros et al., 2014;

Dessandier et al.,, 2018). Our results show an increase of broken agglutinated test below the first

centimetres of sediments (Fig. 6), and the disappearance of the agglutinated taxa deeper in the sediment
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(Fig. 7), both in oxygenated and dysoxic environments. Some studies (e.g., Schréder, 1988; De Stigter et

al., 1999) have already pointed to this taphonomic process in different oceanographic contexts, estimated

the loss of the dead agglutinated taxa of about 20% compared to the living species.

The calcareous foraminiferal tests suffer different mechanisms that can lead to their partial or total
destruction (Murray, 2006). The dissolution affects especially the delicate and/or aragonitic calcareous

tests. Species with delicate tests, such as G. auriculata (Ellis and Messina, 1940-1978), is very frequentin

the living foraminiferal assemblages (Tab. 3; Fig. 8 and 9), yet its frequency is reduced in the dead
foraminiferal assemblages, and many broken specimens have been observed (Plate 2). In this study, we

have also frequently observed specimens of Nonionellina labradorica and Nonionella iridea having a

broken ultimate chamber (Tab. 3; Figs. 8 and 9, Plate 2). The calcareous species also showed marks of

predation like different boring patterns, holes and cavities that may be produced by phototrophic

(cyanobacteria, chlorophyta) and heterotrophic (fungi) organisms (Cherchi et al., 2012). This predation
weakens the test facilitating or producing the mechanical disaggregation of the test (Plate 2). In all these

cases, the species are classified as detailed as possible especially in the cases when the fragment included

the proloculus and/or the aperture zone, for which a correct classification could be made.

Post-mortem bioturbation and reworking of the sediments may also have caused fragmentation,

corrosion and disintegration of the foraminiferal tests (Schroder, 1988; De Stigter et al., 1999; Loubere et

al., 2011; Duros et al., 2014; Dessandier et al., 2018). These processes intensified with the increase of the
amount of macrofauna, as described in Caridi et al. (2019). Bioturbation would facilitate the decrease or
even the disappearance of some taxa from the dead foraminiferal record, especially for those specimens

having delicate tests that are weaker or not well cemented (Tab. 3; Figs. 6 and 8; Plate 2).

In general, most calcareous specimens are found in good condition; hence, we are confident of suitability

and quality of the foraminiferal record for paleoenvironmental reconstructions. The comparisons
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between living and dead foraminiferal concentration (spec./g, Tab. 3) suggest a good preservation of most

of the species. The dead foraminiferal assemblages include all the living foraminiferal species although
occurring with different percentages. When comparing it should be taken into account that living

foraminiferal assemblages represent specific environmental conditions while the dead foraminiferal

assemblages represent a larger time interval and an average of yearly environmental characteristics.

However, the current good agreement between assemblages indicate that the dead foraminiferal

assemblages are robust paleoenvironmental indicators.

5.3 Paleoenvironmental variations during the last decades

The sedimentary records used for this study cover the last ca. 50-100 years (supplementary material

ST. 1). The composition of the benthic foraminiferal assemblages in all three paleorecords is relatively

stable, suggesting relatively stable environmental conditions during the investigated timeinterval.

The paleorecord from the outer trough, station 02 covers the last 115 years and is characterised by sandy

sediments (Tab. 1). This suggests relatively strong bottom currents, which is also reflected by C. lobatulus
that is often associated with higher dynamic environments (Fig. 4; Tab. 4). These high-energy conditions

provided a constant supply of organic matter and oxygen, which probably increased the diversity of the

assemblage (Tab. 2). Furthermore, the presence of C. reniforme, and C. neoteretis, with the warm-water
indicator C. laevigata suggest a relatively strong influence by warm AW (Fig. 9). The foraminiferal record
also show some influence of colder waters and seaice atthe station 02 during the last decades. At
2- 3 cm bsf (ca. 1986), both the frequency of cold-water species C. reniforme (Fig. 9) and the sea ice data

increase (Fig. 5).

During the last ca. 64 years, the inner trough station (21), has recorded relatively stable environmental

conditions. The presence of Islandiella spp. and N. labradorica indicate relatively higher trophic level.
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Mesotrophic to eutrophic conditions could be related to the position of the core site close to the sea ice

margin where high biological productivity can facilitate an accumulation of organic matter to the bottom
(Tab. 2 and. 4; Fig. 9). The increased abundance of Islandiella spp., compared to station 02, indicates an

increase of nutrients, probably related to a stronger influence of the marginal sea ice zone (Fig. 5). The
foraminiferal assemblage also contains C. laevigata, C. neoteretis and C. reniforme, similar to station 02;
reflecting comparable water masses conditions, with influence of both the relatively warm (AW) and cold

water masses.

The record from the shelf area (station 07), which covers the last ca. 43 years, is characterised by fresher

and colder waters, in accordance with its northernmost position, and therefore, the greater influence of

the Arctic water origin and longer periods of sea ice cover. The colder conditions are shown by the

predominance of cold-water species E. clavatum and C. reniforme (Tab. 4). The decrease of species

indicative of warmer conditions, Buccella spp., Islandiella spp., N. labradorica and Melonis barleeanus,
show less influence of warm AW and the reduction in the quantity or quality of nutrients availability

compared to the other stations (Fig. 8; Tab. 4).

Previous studies have shown how dead benthic foraminiferal assemblages have changed within the last

two centuries in the SW and the central Barents Sea, reflecting a warming trend of the Atlantic water
(Wilson et al., 2011; Dijkstra et al., 2017a). However, these progressively warming conditions are not
observed in our record from Kveithola Trough possibly due to the extent of the current records (maximum
ca. 100 years), comprising the already advancing warm period. Saher et al. (2012) observe a change to a
dominance of warm water species between 1965-1992 and 2005-2005, which is probably related to the
changed position of the ice edge in the central Barents Sea during this time interval. We also speculate

the Kveithola Trough may have morphological features making it a more protected system as indicated

by the oceanographic data collected during the cruise.
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Tab. 4. Ecological characteristics of the main living and dead species.

MAIN SPECIES

Astrononion gallowayi

Buccella spp.

Cassidulina laevigata

Cassidulina reniforme

Cassidulina neoteretis

Cibicidoides lobatulus

Elphidium clavatum

Globobulimina auriculata

Globocassidulina subglobosa

Islandiella spp.

Melonis barleeanus

Nonionella iridea

Nonionellina labradorica

Patellina corrugata

Pullenia bulloides

Trifarina angulosa

ENVIRONMENTAL CONDITIONS

Temperature tolerant, epifaunal

Cold water, infaunal, often related to
oceanic fronts/sea ice edges

Warm water, infaunal

Cold water, infaunal

Cold water, infaunal, associated with
cooled Atlantic Water in the Barents
Sea, prefers fresh phytodetritus

Temperature tolerant, epifaunal,
tolerates high energy environments

Cold water, infaunal, tolerates less
than marine salinity

Temperature tolerant, infaunal,
facultative anaerobe, tolerates dysoxia,
detritivore

Cold water, infaunal, low organic
content, infaunal, detritivore

Cold water, infaunal, free, detritivore,
high availability of nutrition

Relatively warm water, infaunal,
tolerates dysoxia, detrivore, related to
degraded organic matter

Cold water, infaunal, phytodetritus
species, infaunal

Cold water, infaunal, associated with
high availability of nutrition

Temperature tolerant, epifaunal,
associated with high availability of
nutrition

Temperature tolerant, infaunal,
detrivore

Temperature tolerant, epifaunal,
tolerates high energy environments
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6.Conclusions

Geological and oceanographic data collected during the Eurofleets 2- BURSTER cruise in June 2016 reveal

a highly dynamic marine environment in the Kveithola Trough.

The CTG-labelled living foraminiferal from the outer station (02) influenced by AW, show that the living

foraminiferal assemblages are dominated by the warm water species M. barleeanus and the tolerant
temperature species, P. bulloides. In the inner station 21, the living foraminiferal assemblages is

dominated by the high food supply indicator N. labradorica, and by the dysoxia species, G. auriculata
related to the presence of methane seepage. The shelf station (07) is dominanted are by G. auriculata,
N. labradorica and the high-dynamic environmental indicator, C. lobatulus. The dominance of warmer
water species in the outer shelf and the presence of eutrophic species in the inner part of the trough

reflect the oceanographic conditions during the sampling period and the high availability of organic matter

to the seafloor.

The taphonomical processes affect the preservation of the foraminiferal test, especially the agglutinated
foraminifera, increasing the possibility of bias in the paleoenvironmental interpretation when using these

taxa. We have found the preservation of most of the calcareous species is good, and they may contribute

to robust paleoenvironmental records.

The dead foraminiferal assemblages show no significant changes during the last ca. 100 years. At station
02, the dead foraminiferal assemblages show the influence of relatively warm AW by C. laevigata and

C. neoteretis and relatively strong hydrodynamic conditions by C. lobatulus. The paleoenvironmental
record at station 21 shows similar conditions to the outer part of the trough. Yet the increased abundances
of Islandiella spp. and N. labradorica indicate a higher trophic level probably reflecting an increased

influence of seasonal sea ice and increased nutrient influx. The dominant species at station 07 are the
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cold-water indicators C. reniforme and E. clavatum, mirroring to the northern position of this station with

a larger influence of colder water and sea ice.

The dead foraminiferal assemblages in Kveithola Trough show no significant changes during the last

ca. 100 years. In contrast to other studies from other areas of the Barents Sea that indicate a larger and
progressively increasing influence of the Atlantic water either within the last 200 years (Wllson et al.,

2011; Dijkstra et al., 2013) or with the last ca. 30 years (Saher et al., 2012). This may be due to the current

study is shorter than the others are and it does not record pre-impacted conditions or the time interval
being recorded yet. We also speculate that the local morphology of the Kveithola Trough may protect the

environmental system from external influences responsible for the changes recorded in other parts of the

Barents Sea.
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Plate 1: Some of the main calcareous dead foraminiferal species: (a) Astrononion gallowayi;

(b) Buccella spp.; (c) Cassidulina reniforme, (d) C. reniforme zoom of the aperture; (e) Cassidulina
neoteretis, (f) C. neoteretis zoom of the aperture; (g-h) Cibicidoides lobatulus; (i) Elphidium clavatum;

(j- k- 1) Globobulimina auriculata; (m-n) Globocassidulina subglobosa; (o) G. subglobosa zoom of the

aperture; (p-q) Islandiella spp.; (r) Melonis barleeanus; (s) Nonionella iridea; (t) Nonionellina labradorica;

(u) Patellina corrugata; and (w) Trifarina angulosa. Scale-bar 100 um, except for the different measure

indicated above the scale-bar.
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Plate 2: Dead foraminiferal species with taphonomic processes evidences: (a-d) Fragments of agglutinated

foraminifera; (e-h) Fragments of G. auriculata; (i-q) N. iridea and N. labradorica: (i) broken test, (j-k) holes
(marks predation?), (I-m-n) last chamber broken: (l) partially filled with sediment and (m-n) with holes

(predation or post mortem activity?), (o) last chamber separate of the rest of the test, (p) total breakage

of the last chambers, (q) last chamber broken (mechanically?); (r) Rotaliida indet. ventral broken;

(s-t) C. lobatulus: (marks predation?): (s) holes, (t) cavities; (u) Cassidulina spp. with marks, broken and
partially filled; (v) C. reniforme holes (marks predation?); and (w-x) C. neoteretis holes (marks predation?).

Scale-bar 100 pum.
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