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Abstract. Nares Strait, a marine gateway connecting the Arctic Ocean with northern Baffin Bay, is characterised by the
formation of a-seasonal ice bridges between Canada and Greenland, that prevents the southward export of multiyear sea ice.
Recent observations indicate increasing instability in sea-ice formation particularly evident in Kane Basin, which either freezes
over or remains open during winter and spring depending on ice-bridge dynamics. The Kane Basin is influenced by contrasting
ocean currents in its eastern and western sides, as well as by the Humboldt Glacier, Greenland’s widest marine-terminating
glacier. Kane Basin is a critical region due to its pronounced sensitivity to cryospheric and oceanic changes. However, its long-
term environmental history, particularly in the eastern sector, remains poorly constrained prior to the satellite era. Here, we
present two multi-proxy sediment core records from opposite sides of Kane Basin, spanning from the 18th century to the

present, that we compare with Humboldt Glacier frental-pesitionssolid ice discharge and retreat since 1965 CE. Clear spatial

differences are evident across the basin in terms of sediment delivery, primary productivity, and the source of organic matter.
Both records also reveal temporal changes, transitioning from cold sea-surface conditions with extensive sea ice during the
Little Ice Age (:E1A)-(peaking around 1900 CE), towards more open and stratified waters, accompanied by a shift towards
higher inereased-primary production from approximately 1950 CE to the present.
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Short summary

We compare two marine sediment cores collected from -twe-contrasting locations in Kane Basin, northwest Greenland. The
two sites differ in terms of how much sediment they receive, the level of primary bielegicalphyteplankton-production, and the
source of organic matter. Despite these spatial differences, both records reveal a similar long-term environmental trend, a shift
from cold, heavy sea ice influenced-conditions between ca. 1750-1900 CE, towards more open, fresher, and biologically
productive waters beginning areund-as early as 1950 CE.

1 Introduction

Global warming is driving changes in the cryosphere, including the impending disappearance of summer sea ice in the Arctic
(Kim et al., 2023; Serreze and Stroeve, 2015; Stroeve et al., 2012). The Lincoln Sea, part of the Last Ice Area (Fol et al., 2025),
contains old and thick multi-year sea ice and-that is projected to become the last refuge for perennial sea ice in the Arctic.
However, accelerated loss of multi-year sea ice is now observed due to enhanced export through Nares Strait, a waterway
separating Greenland from Ellesmere Island in Canada and connecting the Lincoln Sea in the Arctic Ocean to northern Baffin

Bay (Moore et al., 2021).

The 530 km-long Nares Strait became an open conduit between 9000 and 8300 calibrated years before present (cal yrs BP),
after the Greenland Ice Sheet and the Innuitian Ice Sheet retreated-seperated (Georgiadis et al., 2018, 2020; Jennings et al.,
2011). This led to the establishment of the modern ocean circulation in Baffin Bay and the Labrador Sea (Georgiadis et al.,
2018, 2020; Jennings et al., 2011). Nares Strait serves as a dual gateway with distinct eceanegraphie-environmental conditions
on the western and eastern sides (Joli et al., 2018). On the western side, a southward-flowing current from the Arctic Ocean
carries nutrient-rich Pacific water, river discharge, local precipitation, and sea-ice melt in the upper 70—110 m, underlain by

warm, saline waters of Atlantic origin (Kirillov et al., 2022; Melling et al., 2001). The two water masses differ in silica and

nitrogen concentrations, with Pacific-origin water exhibiting higher levels of silica and lower levels of nitrogen than Atlantic-

derived water. However, studies has found that in Kane Basin, topographic mixing over a sill promotes nutrient supply to the

surface, contributing to enhanced regional productivity (Burgers et al., 2023). On the eastern side, Fhe-the strait is bordered

by several major marine-terminating glaciers, including Petermann Glacier and Humboldt Glacier contributing with meltwater

input. Humboldt Glacier, lecated-on-the-eastern-side-of Nares-Strait;-is the widest outlet glacier in Greenland with a ca. 100

km-long calving front. The glacier has been retreating at an accelerated pace and is projected to contribute with-6.2—-8.7 mm
to global sea-level rise by 2100_CE under high-emission warming scenarios (Hillebrand et al., 2022). The retreat has mostly
been attributed to ocean warming, leading to undercutting of the glacier (Rignot et al., 2019). Humboldt Glacier terminates in

Kane Basin (Fig. 1), a 120 km-wide basin covering an area of 27,000 km? (Fig. 1).
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A cyclonic gyre in Kane Basin slows the southward drift of sea ice and icebergs through Nares Strait (Nutt, 1966). This
circulation pattern, combined with the unique shape and bathymetry of Nares Strait, facilitates the formation of ice bridges.
These ice bridges typically forming between late October and early April and-can persist until June or July (Vincent, 2019),
and they-play a crucial role in regulating the export of freshwater and sea ice southward. Additionally, by blocking sea-ice
movement, the bridges support the formation of the North Water (NOW) Polynya, known as Pikialasorsuaq (meaning “the
great upwelling”) in Kalaallit Nunaat (Greenland) and Sarvarjuaq in Inuit Nunangat (Canada). This is the largest and most
productive polynya in the Northern Hemisphere (Klein et al., 2002; Odate et al., 2002), supporting a diverse ecosystem

including marine mammals and seabirds (Heide-Jorgensen et al., 2013).

Satellite imagery and remote sensing studies over the past three decades (1997 CE to present) have revealed a trend towards

atypical sea-ice configurations in Nares Strait (Moore et al., 2021). Observations include a shorter duration of the ice bridges,
more frequent formation of only the northern ice bridge, or even the complete absence of ice bridges (Moore et al., 2021;
Vincent, 2019). The formation of ice bridges depends on factors such as cold air temperatures (below -15°C), weaker tidal
forces, cessation or reversal of prevailing north-westerly winds, ice thickness, and land-fast ice stability (Kirillov et al., 2021,
2022). A decline in ice-bridge formation and stability, deereasing-by 2.1 days per year between 1979 and 2019 CE (Vincent,
2019), has been linked to changes in ice thickness (Kirillov et al., 2021, 2022). Ice thickness, in turn, is most strongly correlated
with winter wind speed in-winter-and spring air temperature (Ren et al., 2022). These findings are supported by marine studies
indicating increased polynya instability over the same approximately 40-year period (Koerner et al., 2021, 2025; Ribeiro et
al., 2021).

Kane Basin occupies a pivotal position between the typical sites of formation of the northern and southern ice bridges. When
the southern ice bridge forms in Smith Sound, Kane Basin is frozen-over, whereas it remains open when only the northern

bridge is present (Fig. 1d), and thus, increased marine productivity in the Basin indicates a prevalence of northern ice arch

formation. This makes Kane Basin a crucial site for observing broader changes in the Nares Strait region. Furthermore, the
basin acts as a conduit between the Last Ice Area, the sensitive NOW Polynya, and the major marine-terminating Humboldt
Glacier (Fig. 1a). To gain insight into past local and regional changes, eapture-the-contrasting-oceanographie-conditions-on
two marine sediment cores were retrieved multi-proxy-reecords;

each-retrieved-from-# strategically chosen locations. Indeed, marine sediments deposited on the seafloor record information

about the environmental conditions at the time of their deposition and therefore provide a valuable tool to explore past

environmental changes beyond historical observations. These paleorecords used in our study span approximately 250 years

and are integrated with 60 years of data on ice discharge and glacier frontal positions from historical and satellite imagery.
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2 Methods
2.1 Sediment cores and geochronology

Box core AMD14-Kane2B-BC (hereafter Kane2B; coordinates: 79°31.140°N, 70°53.287°W; length: 32 cm; water depth: 220
m) and AMD19-6.2BC (hereafter 6.2BC; coordinates: 79°30.894°N, 65°45.252°W; length: 28 cm; water depth: 384 m) were
retrieved aboard the Canadian icebreaker CCGS Amundsen in 2014 and 2019, respectively (Fig. 1). Sediment cores were
subsampled at 1 cm resolution for Kane2B and 0.5 cm resolution for 6.2BC. The samples were weighed wet, freeze-dried and
weighed again, and the profile of irvehime estimated-to-determine the-dry bulk density (DBD, g cm™) og the entire core was

calculated assuming a sediment density of 2.65 g cm™. The samples analysed for lipid biomarkers were stored in sealed ziplock

bags to prevent contamination, and all were kept frozen (-18 °C) until further processing. Age models were developed using

219Pb and '*’Cs measurements performed at University of Copenhagen, Denmark (6.2BC) and University of Bordeaux, France
(Kane2B). Measurements were conducted with a Canberra low-background well-type Ge-detector to determine 2!°Pb, 2*°Ra,
the difference between which was used to calculate 2'°Pxs, and '*’Cs. The chronology-for-bothrecords-was-based-on-Mmass
accumulation rate (MAR, g cm™ year'') was obtained for each core by applying the constant flux / constant sedimentation

(CF_CS) model to ealeutatedfrom-the profile of 2'°Pbxs plotted against cumulative mass. Since the MARs were calculated

210.

using the slope og exponential curve describing the *'°pbxs profiles, the MAR errors were determined using the standard error

of this slope. The chronologies were obtained by dividing the cumulative mass of each core by the respective MAR and;

assuming that the age of the top core corresponds to the cruise year; the errors on ages were calculated considering the error

on MARs. The sediment dates, estimated at 1850, have an associated error of about 15 years. The onset of '*’Cs at about 7 cm

in core Kane2B and at about 12 cm in core 6.2BC validates the age-depth relationship (Fig. Al). The age-depth model was
further extrapolated to depths in the sediment cores beyond which 2!°Pb, activities were detected, assuming constant MARs
for determining approximate ' *Pb-derived ages down-core(Fig. -2). We examined each centimetre of both cores for calcareous

material, such as foraminifera and shell fragments, however, neitherreeordnone contained sufficient datable material to obtain

reliable '“C measurements.

Grain-size distribution analysis was conducted at the Geological Survey of Denmark and Greenland (GEUS), Denmark.
Freeze-dried samples (ca. 2 g) were collected from Kane2B (1 cm resolution) and 6.2BC (0.5 cm resolution). These samples
were wet-sieved to determine the percentage composition of clay and silt (<63 pm), fine sand (63—150 um), and coarse sand
(>150 pm).

2.2 Bulk biogeochemical analyses

Freeze-dried and homogenized samples (20-30 mg) from Kane2B (1 cm resolution) and 6.2BC (0.5-1 cm resolution) were
analysed for total organic carbon (TOC), total nitrogen (TN), and the stable isotopic composition of the bulk organic matter

(3'3C-and-d**N). The analytical precision was found based on replicate measurements of an in-house sediment standard. We
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found that it is better than 2-3% (coefficient of variation) for TOC and TN, and £0.2 %o for 3'*C. The detected values remain

well above instrumental detection limits. TOC serves as an indicator of organic matter (OM) production, while stable isotope

values (8'3C) are used to determine the origin of OM. These values help to distinguish between different OM sources: Arctic

sea ice-derived ©OM-organic carbon (-—18.3 %o to -—20.6 %o) (Belt et al., 2008; Schubert and Calvert, 2001), marine ©M-organic

carbon (-—20 %o to -—22 %o in mid to low latitude regions and -—16.7 %o to --30.4 %o at high latitudes) (Kumar et al., 2016),
and terrestrial ©M-organic carbon (-—26 %o to -—28 %o) (Stein and Macdonald, 2004).

The analyses were conducted at the Department of Geosciences and Natural Resource Management, University of
Copenhagen, Denmark. To remove the inorganic carbon, the samples were treated with 10% hydrochloric acid (HCI) prior to

analysis. TOC, TN, and 5"°C were mMeasured simultaneously by Dumas combustionsents-were-performed using an elemental

analyzer coupled in continuous-flow mode to either-an Finnigan MAT Delta PLUS or Thermo Delta V Advantage isotope

ratio mass spectrometer (Thermo Scientific, Bremen, Germany). Elemental concentrations were calibrated using acetanilide

and soil reference materials, and the isotope ratio (5'°C) is reported reltive to VPDB. This eombined-approach provides a more

accurate determination of OM origin (Fig. 3) (Fernando et al., 2013; Lamb et al., 2006).

Biogenic silica (BSi) was used as an indicator of primary productivity from siliceous primary producers, mainly diatoms.
Freeze-dried homogenized samples (301 mg) from Kane2B (1 cm resolution) and 6.2BC (0.5 cm resolution) were analysed
for BSi at GEUS, Denmark, following the procedure outlined by (DeMaster, 1991) on two replicates. The samples were
leached with 40 ml of 1% sodium carbonate (Na,COs3) in a warm water bath at 85°C. Subsamples (1 ml) were collected after
3,4 and 5 hours and mixed with 9 ml of 0.021 M HCI (DeMaster, 1991). BSi concentrations were determined using the blue
ammonium molybdate method on a Perkin Elmer lambda 25UV/VIS spectrophotometer (Mullin and Riley, 1955). The final
BSi concentration was calculated using the average of the measurements, assuming complete dissolution of BSi after two

hours of extraction (Bardo et al., 2015).

2.3 Lipid biomarkers

Sea-ice reconstructions are based on the identification and quantification of source-specific highly branched isoprenoids
(HBIs) and sterol biomarkers. The mono-unsaturated HBI, IP»s (Ice proxy with 25 carbon atoms), is produced by sea-ice
dwelling diatoms of the Haslea and Pleurosigma genera (Belt, 2018; Belt et al., 2007; Belt and Miiller, 2013; Brown et al.,
2014). When detected in marine sediments, IP»s indicates seasonal sea-ice conditions. In contrast, the absence of IP,s in
sediments suggests either permanent sea-ice cover or open water (year-round) —(Belt et al., 2007; Belt and Miiller, 2013). We

combined IP»s with the tri-unsaturated HBI, HBI III. Studies of modern distribution of HBI III in the region show a positive

correlation between IP»s and HBI III (Harning et al., 2023)-.This has been interpreted to indicate either ;-that HBI III is

associated with marginal ice zone conditions (Bai et al., 2019; Belt et al., 2015; Kolling et al., 2020), or that it is produced

beneath the sea ice prior to, and concurrently with IP>s (Amiraux et al., 2019). By combining the sympagic marker-HBI with
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a pelagic biomarker such as brassicasterol or dinosterol, it becomes possible to distinguish between perennial sea ice and open
water conditions (Miiller et al., 2011). The assumption behind this approach is that open-water conditions promote higher

pelagic productivity, leading to elevated concentrations of these phytosterols.

Freeze-dried and homogenized samples (4-5 g) from Kane2B (1 cm resolution) and 6.2BC (0.5—1 cm resolution) were analysed
for HBIs and sterols at LOCEAN, Sorbonne University, France (Massé et al., 2008). Before extraction, the internal standard
7-hexylnonadecane (7-HND) was added to each sample (10 pL). We used c€holestane as the internalexternal standard for

sterol quantification. Lipid extraction was performed three times using a mixture of dichloromethane (DCM) and methanol
(MeOH) mixture (2:1, v/v). For each extraction, respectively 6, 2 and 2 ml of solvent was added to the samples, which were
then ultrasonicated for 10 minutes and centrifuged at 2500 rpm for 2 minutes. The resulting extracts were combined peoled
and evaporated under a slow stream of nitrogen until_just dryness. The hydrecarbens,—alkenenes;:HBIs and sterols were
separated using in-an-open-silicagel (SiO2) column-using silica-gel-as-a-stationary-phase. Elution was performed with 2.5 ml
n-hexane, 4 ml n-hexane/ethyl acetate (90:10 v/v), and 4 ml n-hexane/ethyl acetate (70:30 v/v). The fractions were then
evaporated under a nitrogen stream until dryness. To complete derivatization, 50 pL bis-trimethylsilyl-trifluoroacetamide
(BSTFA) was added to the sterol fraction and heated at 70°C for 1 hour. The HBI hydrocarbon;-atkenone-and sterol fractions
were analyzed by gas chromatography coupled to mass spectrometry (GC-MS) using an ;—gas—ehromatography—(Agilent
Technologies 7693 GC) coupled to an with-massspeetrometry-{Agilent Technologies 5975C inert XL MS). For HBI GC-MS

analyses, the GC oven temperature was programmed from 40°C till 300°C at a heating rate of 10°C/min and maintained at final

temperature for 10 min. For sterol GC-MS analyses, the temperature was programmed from 50 to 100°C at 30°C/min, then till

150°C at 1.5 °C/min and up to final temperature of 300°C at 3°C/min, maintained for 20 min. For both IPps and sterol analyses,

we used a fused capillary column HP 5MS of 30 m long 0.25 mm i.d. and 0.25 um film thickness. The response factor for IPxs
was determined to 9.8 for record Kane2B and 32 for record 6.2BC, based on ealenlated-using-four replicates of 0.1 pg IPps and

7-HND. Compounds were identified based on their individual retention time using reference compounds and their mass spectra
(Belt et al., 2007, 2013). To account for changing sedimentation rates and other sedimentary processes the biomarker

concentrations were normalized to TOC Click or tap here to enter text..

Biomarker exstractions were not conducted contemporaneously; consequently, sterols were extracted only from 6.2BC, and

therefore the following are restricted to this record. To estimate semi-quantitative spring-sea-ice conditions, we calculated the

PIP index using both sympagic and pelagic markers (Miiller et al., 2011) using the following Eq. (1):
B sympagic marker
~ sympagic marker + ¢ - pelagic marker

[formaterede: Saenket skrift
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where c represents the ratio of the mean sympagic marker to the mean pelagic marker (Miiller et al., 2011). In our analysis, we

used IPys as the sympagic marker, while brassicasterol (PpIPps) and dinosterol (P,IPps) served as the pelagic phytoplankton

biomarkers.

2.4 Dinoflagellate cysts

Palynological processing of freeze-dried samples (ca. 2 g) from Kane2B (1 ¢cm resolution) and 6.2BC (0.5-1 cm resolution)
was conducted at Ghent University, Belgium, following the procedure described by Quaijtaal et al. (2014). One tablet of
Lycopodium spores (batch no. 100320201), containing ea-14,285 + 501 spores were added to each sample. The samples were
treated sequentially with hydrochloric acid (2 M HCI) and hydrofluoric acid (40% HF) at room temperature to remove
carbonates and dissolve siliceous material. Between acid treatments, the samples were rinsed with deionized water, sonicated,
sieved through a 10 um nylon mesh, and gently centrifuged (Quaijtaal et al., 2014). After processing, the samples were

mounted on microscope slides using glycerine jelly.

Palynological -analyses were performed with an Olympus BX60 transmitted light microscope at magnifications of 400x and
1000x. A minimum of 300 dinoflagellate cysts were counted per slide to ensure representative relative and absolute
abundances. Furthermore, each slide was scanned for rare species. Palynomorphs, including acritarchs, pollen, copepod eggs,

foraminiferal linings and the freshwater ciliate taxon Halodinium spp. were also counted.
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A Principal Component Analysis (PCA) was performed on the relative abundance of dinoflagellate cysts to identify variance

patterns in the dataset and reduce its dimensionality. The relative abundances were transformed using a Hellinger
transformation (Legendre and Gallagher, 2001), to downweight dominant taxa and minimize the influence of double zeros,
making the data more suitable for analysis with statistical models such as generalized additive models (GAMs). PCA -and-then
the-analysis-was carried out in R (R Core Team (2021) using the Community Ecology (vegan) package (Oksanen et al., 2022).

To capture basin-wide changes in Kane Basin and account for differences in the sedimentation rates of the two sites, the

samples were grouped into 50-year intervals, except for the uppermost part, which covers the 14-year period from 2000 to

2014.

To detect trends across the different datasets, generalized additive models (GAMs) were applied (Hastie and Tibshirani, 1990).
GAMs are well-suited for time series with unevenly spaced data points (Simpson, 2018). The analysis was conducted in R (R
Core Team, 2021) using the Mixed GAM Computation Vehicle with Automatic Smoothness Estimation (mgcv) package

(Wood, 2011). The smoothing parameters were estimated using Restricted Maximum Likelihood (REML). Model performance
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was evaluated through effective degrees of freedom an residual dignostics to ensure appropriate smoothness. GAMs-are-xell=

wited—for—t tes—with venly—spaeed—data—peints—The smoothing functions were parameterized using thin plate
regression splines, with the number of basis functions (k) varying based on the GAMs performance. When selecting a k, we

aimed to balance flexibility while preventing overfitting, with the values ranging from 3 to 8.

3 Results

3.1 Sediment cores and geochronology

In both records, 2!Pbxs profiles present the classical exponential decrease with depth, to reach almost supported levels at about

10-15-cm (Fig. A1), suggesting a low sedimentation rate (<0.1 cm yr'!). For the marine sediment core Kane2B located farthest

from the Humboldt Glacier in the central Kane Basin, eExtrapolation of the 2!°Pb-based chronology suggests that the record

Kane2B record could cover approximately the last S00 years; however, given the large uncertainty associated with simple

extrapolation, our focus here is on the period from ca. 1750 CE to the present. During this time, sedimentation rates ranged
from 0.07 to 0.11 cm /yr-!, resulting in an average sample resolution of ca. 13 years (Fig. 2a). By comparison, the record-6.2BC
core, retrieved closer to the Humboldt Glacier, covers the period from 1750 CE to the present. Sedimentation rates for this
core range from 0.11 to 0.15 em_yr=!, providing an average temporal sampleresolution of ca. 10 years (Fig. 2b). We note that
the age-depth models are weakly constrained before 1850 CE, because it is beyond the age limit that can reliablysuitably be

dated with 2!'Pb, and because it was not possible to recover sufficient material for radiocarbon dating.

The Kane2B core varies largely in composition, with discrete samples containing 84-93% clay and silt, 7-16% fine sand, and
0-2% coarse sand (Fig. 2a). In comparison, the 6.2BC core samples are-is composed of 10-88% clay and silt, 1-7% fine sand,

and 9-89% coarse sand (Fig. 2b). Icebergs can transport grains of all sizes, but those larger than 15063um (fire-coarse sand)

are almost exclusively iceberg borne. Therefore, we define grains larger than 15063um as ice rafted debris (IRD). IRD are

present in both reeerdscores, but inwith considerably larger amounts in 6.2BC. In 6.2BC, distinct IRD layers where grains
larger than 150pum make up at least 20% addition; isti —defi i i
than150um-make up-atleast 20% of the total sediment-are found at 22-22.5 cm (1762 CE), 17.5-18.5 cm (1818-1812 CE),
1617 cm (1837-1839 CE), 4.5-5.5 cm (1984-1980 CE), 3-3.5 cm (2006 CE), and 0-0.5 (2019 CE) only in record 6.2BC
(Fig. 2b).

3.2 Bulk biogeochemical analyses

The TOC content in Kane2B ranges from 1.06 to 1.29% (average 1.12 + 0.07%), while in 6.2BC, valuesit ranges from 0.58 to
1.28% (average 0.79 £ 0.16%). TN varies between 0.08 and 0.10% (average 0.09 + 0.00%) in Kane2B and between 0.07 and
0.12% (average 0.09 = 0.01%) in 6.2BC. The 5'3C values in Kane2B range from -—25.8 to -—25%o (average -—25.29 £ 0.025%o),
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while in 6.2BC, §'3C values range from -—23.9 to ——19.5%o (average —22.05 £ 0.94%o). Kane2B is isotopically lighter than
6.2BC, which could indicate either enhanced open-water productivity at Kane2B compared to more sea-ice-associated
productivity at 6.2BC, or- a higher contribution of terrestrial OM to the Kane2B site. To further evaluate this, we combined
the §'3C values with the C:N ratio (Meyers, 1994) (Fig. 3). In Kane2B, the C:N ratio ranges from 11.6 to 13.6-(average 12:6),
while in 6.2BC, it ranges from 7.5 to 10.7-(average-&-6). In the Kane2B record, BSi concentrations ranged from 2.03 to 7.50
mg g~ dry mass (average 3.44 = 1.35 mg g~ (Fig. 2a), while in the 6.2BC record, they range from 10.84 to —16.86 mg g—!
dry mass (mean 13.45 = 1.92 mg g!) (Fig. 2b).

3.3 Lipid biomarkers

In the Kane2B record, the IP,s concentrations vary between 0.06 and 0.10 pg g sed (average 0.08 £ 0.02 pg g sed), and in
the 6.2BC core between 0.02 and 0.14 pg g sed (average 0.06 = 0.03 pg g sed). When normalized to TOC, the IP»s
concentrations in Kane2B range from 4.83 t0 9.18 pg g”' TOC (average 6.737 = 1.32 pug g”! TOC), while in the 6.2BC record,
the-concentrations range from 2.45 to 15.47 pg g™ TOC (average 8.00 £ 3.51 pg g"' TOC). In the Kane2B record, the HBI 111
concentrations vary between 0.001 and 0.002 pg g!' sed (average 0.002 + 0.000 pg g”' sed), and between 0.002 and 0.022 pg

g sed (average 0.008 £ 0.005 pg g sed) in 6.2BC. When normalized to TOC the HBI III concentrations in record Kane2B
range from 0.086 to 0.203 pg g!' TOC (average 0.155 = 0.033 pg g*! TOC), while in 6.2BC, concentrations range from 0.230
t0 2.986 pg g TOC (average 1.064 + 0.648 ug™' TOC). Analyses of the pelagic markers brassicasterol and dinosterol were

only conducted for record 6.2BC. The concentration of brassicasterol varies between 0.06 and 0-051.18 pgng g”! sed (average
0:015.37 + 9.64 npg ') and between 0:001.11 and 0:030.72+ ng g sed (average 0:010.831+ £ 6.97 nug ¢! sed) for the
dinosterol. When normalized to TOC the brassicasterol varies between 0.01 and 5.72 pg g TOC (average 1.9 £ 1.13 pg g’!
TOC) and the dinosterol between 0.11 and 3.18 pg g' TOC (average 1.36 £ 0.72 pg g TOC).

3.4 Dinoflagellate cysts

Dinoflagellate cysts are a useful proxy for sea-surface conditions. In the Kane2B record, dinoflagellate cyst concentrations
range from 2851 to 5879 cysts g (average 4236 + 849 cyst g™!), while in the 6.2BC record, concentrations range from 1434
to 6699 cysts g (average 2996 + 1406.5 cyst g') (Fig. A2). A total of 13 and 12 different dinoflagellate cyst taxa were
identified in Kane2B and 6.2BC, respectively (Fig. A4 and AS5). The assemblages in both records are dominated by
heterotrophic dinoflagellate cysts, accounting for at least 94% of the total assemblage in record Kane2B and 93% in record
6.2BC. The most abundant species in both records are Brigantedinium spp._(Bspp), Islandinium minutum subsp. M#ninutum

Imin), Echinidinium karaense (Ekar) and Islandinium? cezare/cyst of Protoperidinium tricingulatim (Icez). Notably, there is

an increase in autotrophic/mixotrophic species in both records, leading-up-to-thetowards present day. Additionally, Spiniferites
ramosus (Sram) was only detected in Kane2B.
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The PCA performed on the relative abundance of dinoflagellate cysts in both records shows that axis 1 explains approximately

71% of the data variance (eigenvalue of 0.02), while axis 2 accounts for around 13% (eigenvalue of 0.003) (Fig. 4).

The PCA results reveal that the—sample intervalss from 1950-2000 and 2000-2014 CE cluster together with most
autotrophic/mixotrophic species, such as Operculodinium centrocarpum (Ocen), Pentapharsodinium dalei (Pdal), Biecheleria
spp. (Biec) and Spiniferites elongatus s.1. (Selong). Cysts of Pentapharsodinium dalei (Pdal) and Biecheleria spp. (Biec) are
associated with high stratification and increased freshwater input (Fig. 4). Notably, this-marks-the-first recorded-ocecurrence-of

Biecheleria spp. (Biec) was not detected in a record from thein central Kane Basin spanning ever-the past 9000 cal years BP

(Caron et al., 2019). Spiniferites elongatus s.l. is closely associated with the sample interval 2000-2014_CE. This species
thrives in eutrophic settings, such as the North Atlantic frontal system, indicating that enhanced water stratification in Kane
Basin during this period may have facilitated its inereased-abundaneegrowth. The heterotrophic taxon Brigantedinium spp.
(Bspp) also clusters with these samples, suggesting a rise in productivity from 1950 CE to the present. The presence of cyst of
P. glacialis (Pglac) could reflect improved preservation or an increase in sea-ice productivity (i.e. a longer open-water season).

This statistically supported grouping highlights a shift in sea-surface conditions beginning around 1950 CE.

4 Discussion

4.1 Spatial differences between the sites

The two marine sediment records-cores collected in Kane Basin reveal significant spatial differences. The Kane2B corerecerd,
retrieved from the central part of Kane Basin at 220 m water-depth, has a lower sedimentation rate, resulting in an average
temporal resolution sample-coverage-of 13 years. The 6.2BC recerdcore, collected at 384 m water-depth from the eastern side
of the basin.-and in close proximity to the Humboldt Glacier, has a higher sedimentation rate, resulting in an average temporal
sample-resolution of 10 years. Furthermore, the 6.2BC record contains multiple layers of IRD; where at least 20% of the total
sample consists of grains largerthan>-150 um, indicating periods of heavy iceberg activity (Fig. 2b). In contrast, such IRD

layers are absent from the Kane2B record.

A clear spatial difference in primary production indicators is also observed between the two sites (Fig. 3a). The TOC content

ranges from 1.06 to 1.29% in Kane2B and from 0.58 to 1.28% in 6.2BC .rangesfrom-0-58-to1+29% in-beothrecords: A study

of surface sediments from Petermann Fjord, Hall Basin, northern Kennedy Channel, and southern Robeson Channel reports

TOC values between 0.09 and 0.23%, with the highest values linked to sites with increased mobile sea ice (Jennings et al.,
2020). Thus, the elevated TOC values in Kane Basin may indicate more mobile sea ice compared to sites further north of Kane
basin. Compari sords. ¢ E shows : i TOC values compe ree 2BC-To further
investigate the origin of TOC, wea plotted of-3'3C values against the C:N ratio to get provides-additional insights into the

composition and source of the organic material (Fig. 3b). We observe a clear difference in the OM signatures between the two
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sites. The isotopic signal in 6.2BC may be explained by a greater contribution of autochthonous OM produced within sea ice
(-18.3%o to -20.6%o0) (Belt et al., 2008; Schubert and Calvert, 2001), whereas the lighter isotopic signal in Kane2B suggests a
higher mere-contribution of terrestrial OM. This interpretation is corroborated by the C:N ratio: Kane2B has an average C:N
of 12.55 that is higher than the C:N ratio for 6.2BC at 8.6.
Kennedy Channel;north-of Kane Basin-Furthermore, the presence of micro charcoal fragments in Kane2B’s dinoflagellate

cyst slides (Fig. 5) is a strong indication that the site is influenced by the coal-bearing Paleogene sequences along the western
coast of Nares Strait (e.g., Miall, 1982). This observation was also made in the longer gravity core Kane2B, which was retrieved

from the same site (Georgiadis et al., 2018).

Higher bBiogenic silica concentrations are-higherin record-core 6.2BC compared to Kane2B, which-contrasts-with-the pattern

served [ ~—This-difference—could reflect several processes. (1) Hydrodynamic conditions: diatom settling on the
seafloor may be disrupted by strong wind and ocean currents flowing through the main channel of Nares Strait (Moore et al.,
2021);resulting-in-their southward-expert. The more sheltered location of 6.2BC is less affected by these currents, allowing a
higher proportion of diatoms to settle. (2) Nutrient availability: The eastern sector of the basin is under a greater influence of
glacial meltwater, which may contribute to enhanced nutrient availability. Studies have shown that pro-glacial upwelling taking

place in front of marine-terminating glaciers can increase nutrient supply, thereby fuelling primary production (Meire et al.,

2017). It is possible that this mechanism also occurs near Humboldt Glacier, where meltwater is likely charged in nutrients
from glacial erosion, and the-that upwelling triggered by subglacialef+this freshwater discharge potentially entrails additional

nutrient-rich ambient fjord bottom water on its was up to the surface. It should also be considered that if such a mechanism is

operatingpresent, the upwelled water may include nutrient-rich Baffin Bay water originating from the polynya, which-is
transported northward. Furthermore, recent observations indicate the presence of a polynya near Cape Jackson in the northern
Kane Basin (Fig. la) (Kirillov et al., 2022), which may also contribute nutrient-rich waters to the region. (3) Oceanographic
feature differences: our the-observationsed variation-may also stem from differences in ocean current influences. In Kane
Basin, ocean cyclonic circulation is characterised by a southward flow along the western coast, originating from the Lincoln
Sea. This flow comprises Pacific Water in the upper 100—150 m, underlain by a warmer layer associated with Atlantic Water
entering through the Arctic Ocean. On the eastern side, relatively warm Atlantic Water flows northward from Baffin Bay (Fig.
1a). One branch of this flow recirculates and merges with the southward-flowing current, while the other continues northward.
Additionally, a cyclonic gyre in Peabody Bay influences local circulation patterns (Fig. 1c) (Kirillov et al., 2022). The eastern
side of Kane Basin is therefore more influenced by warmer nutrient-rich Atlantic water,~which-is-typically-associated-with
higher nutrient-availabilitylikely potentially stimulating primary productivity at site 6.2BC. iological-diffe Hed
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South of Kane Basin in Baffin Bay, the eastern side of the

bay exhibited both higher overall dinoflagellate cyst concentrations and a larger proportion of autotrophic/mixotrophic species
compared to the western side (Koerner et al., 2025). This pattern was attributed to the influence of Atlantic-derived waters,
supported by the high abundance of Operculodinium centrocarpum (e.g., de Vernal et al., 2020). While our record may reflect
a similar trend of enhanced primary productivity in the eastern side, we do not observe a comparable high abundance of

Operculodinium centrocarpum. Therefore, we cannot rule out other factors, such as upwelling, as drivers of higher productivity

in the eastern side.

4.2 Glacier dynamics and ice-rafted debris

In the marine sediment record 6.2BC, lecated-near Humboldt Glacier, multiple IRD layers were identified based on grain size
analyses. The three most recent layers correspond to the periods 1976-1980 + 7.6 years, 1994 + 4.8 years, and 2017 + 0.4
years CE, enabling a direct comparison between IRD deposition, historical glacier front positions (Goliber et al., 2022) and
solid iceberg discharge (Mouginot et al., 2019) (Fig. 6). The position of the Humboldt Glacier front has been systematically
mapped from aerial photos and historical and modern satellite images since 1965 CE (Goliber et al., 2022). This was done by
manually tracing the ice-ocean boundary. The Humboldt Glacier is a vast and wide outlet glacier, with two distinct zones
exhibiting different calving margin behaviours. The southern zone lies on a relatively high elevation bed and is characterized
by low flow speeds and minimal variability throughout the 20th century. In contrast, the most northern sector is situated over
a deep subglacial trough, where flow velocities and retreat rates are high and have accelerated over the study period. Although
there is some temporal overlap between the In1970-CE—theglacier-experienced-a-significant retreat around 1970 CE and ;

cotneiding-with-an IRD layer dated to 1976-1980 + 7.6 years (Fig. 6). No clear relationship can be identified. In contrast, a

clear correspondence is observed between the

4.3 Temporal trends in sea-ice conditions and primary productivity

In the Kane2B record, elevated concentrations of sea-ice biemarkers—IPys and HBI III, alongside high abundances of
Islandinium minutum subsp. Mminutum, are observed between approximately 1750 and 1900 CE, reaching a peak-maximum
around 1900 CE. Islandinium minutum subsp. Minutum is found in cold environments and can tolerate sea ice (e.g., Head et

al., 2001) (Fig. 7). These cold conditions reconstructed in our record coincide with the Little Ice AgetA (Kjer et al., 2022).
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This period experienced the last maximum ice-sheet advance at 1900 CE ~whieh-is-likely-associated with factors such as lower
air temperatures and ocean surface cooling (Kjer et al., 2022). Our findings further support the notion that temperatures were
colder and sea-ice cover more extensive, reaching a peak around 1875 to 1900 CE. GAMs indicate a declining trend between
1875 and frem-1900 CE to the present, however, the GAMs model does not aceceuntforreflect the high abundance of
Islandinium minutum subsp. #inwtwr-Minutum in the uppermost sample, where its relative abundance exceeds 70%, a level
comparable to peaking Little Ice AgeFA conditions (Fig. 7). This finding strongly indicates cold sea-surface conditions today,
possibly driven by enhanced meltwater input-(Fig—7). The dinoflagellate cyst Polarella glacialis appears around 1990 CE and
persists until present. The dinoflagellate cyst Polarella glacialis is considered a sea-ice indicator and-is-commonly detected in
first-year sea ice and is-deposited on the seabed following sea-ice melt (e.g., Hardardottir et al., 2024; Stoecker et al., 2000).

This finding is also consistent with enhanced HBI III values reflecting sea ice edge conditions Bai et al., 2019; (Jalali et al.,

2024). An increase in Polarella glacialis was also observed in the records from northern Baffin Bay starting around 1970 CE
(Koerner et al., 2025). The presence of the cysts indicates improved preservation and/or an increase in first-year sea ice relative

to multi-year ice.

In core 6.2BC, the concentrations of IP2s, HBI I1I; and Islandinium minutum subsp. #inutusn-Minutum exhibits minimal-netable
fluctuations. However, GAMs indicate an overall decreasing trend in HBI III and Islandinium minutum subsp. #itii
Minutum toward the present day, a pattern supported by the PIPs index. The PIP;s index was calculated for record-core 6.2BC,
that was as-this-cere-was-analysed for the pelagic phytosterols markers-brassicasterol (P,1P;s) and dinosterol (P4IP»s) (Fig. 7).

Surface samples from the region haves shown that the PIP»s -index broady correlates with spring and autumn sea ice conditions
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(Harning et al., 2023; Koerner et al., 2021);; however, it sheuld-be-considered-that-a-the-phytosterols can derive from multiple

sources, including sea ice algae (Belt, 2018; Belt and Miiller, 2013) (Belt, 2018; Belt and Miiller, 2013), sethus they areshould
be mere-considered teas reflecting general marine productivity (Koseoglu et al., 2019). -The PIP,s -which-is-used-to-assess

sedmteee ions-shows a similar trend when calculated using either of the two pelagic phytosterols, with a transition

around 1900 CE from extensive and fluctuating sea-ice cover to a more variable sea-ice cover (Fig. 7) (Miiller et al., 2011).
Additionally, cysts of the dinoflagellate Polarella glacialis appear in the record from approximately 1910 CE to the present.
Combined, these findings suggest a shift from a-ere-semi-permanent ice cover to a mere-seasonal and less extensive sea-ice

cover, occurring earlier in the eastern part of Kane Basin than in the central region.

Primary productivity reconstructions are based on biogenic silica (BSi), dinoflagellate cyst concentrations, the abundance of

autotrophic/mixotrophic species (asa¢ indicative of improved light availability) and §°C against C:N ratio (Fig. 3b)TOC,

which we have demonstrated to be mainly of marine origin. For record 6.2BC we also include the pelagic biomarkers
brassicasterol and dinosterol (Fig. 8). To further evaluate the composition and structure of the-phyteplanktoncommunity-the
dinoflagellate cyst assemblages. these are shown-is+epresented as pie charts, displaying the average abundances for the periods
1750—1900 CE and 1900 CE to the present (Fig. 8).
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In the Kane2B reeerdcore, BSi increases s toward present, while the dinoflagellate cyst
concentrations exhibit-the-eppesite-trenddecrease. The rising BSi values could be attributed to (1) weaker currents, resulting

in reduced southward export, (2) increased BSi production in the Arctic Ocean leading to higher concentrations transported by
southward-flowing currents, or (3) a shift in the primary producer composition around 1900 CE, indicating an environmental
transition from conditions favouring dinoflagellate to those more supportive of diatom productivity. Furthermore, an
examination of the cyst assemblage reveals a slight increase in both Brigantedinium spp. and- autotrophic/mixotrophic species,

suggesting enhanced primary productivity and light availability, respectively.

In core 6.2BC, the GAMs reveal a decreasing trend in BSi toward present; however, the model smoothed does-not-capture-the
high values from around 1980-2000 CE until present. The dinoflagellate cyst concentrations and TOC both show a decline
until approximately 1900 CE, followed by an increase toward the present. DFhe-dinosterol and brassicasterol exhibit the same
trend, a slight decrease until around 1850 CE, after which they show-a-small-riseincrease toward the present. Furthermore, an
examination of the cyst assemblage reveals an increase in both Brigantedinium spp. and autotrophic/mixotrophic species, ke
what-wasas observed for the Kane2B record. However, the increase in Brigantedinium spp. abundance is more pronounced in
6.2BC. Enhanced productivity and a shift toward autotrophic/mixotrophic species relative to heterotrophic ones has also been
observed in northern Baffin Bay (Koerner et al., 2025). Like our records, these authors found an increase in cysts of
Pentapharsodinium dalei, a species associated with enhanced stratification (Heikkil4 et al., 2014), These changes are attributed

to increased influence of Atlantic-sourced waters and/or earlier open-water conditions.

4.4 Indicator region for a future Nares Strait

Our records show a clear shift around 1950 CE, marked by increased primary production and a change in the dinoflagellate
cyst assemblage composition toward more autotrophic/mixotrophic species. Furthermore, we observe a rise in taxa indicative
of enhanced stratification and increased freshwater input. We attribute these changes to (1) intensified local freshwater runoff
from the Humboldt Glacier and/or (2) a higher frequency of failed ice bridge formation, facilitating a greater freshwater export
through Nares Strait, contributing to summer surface freshening. Observational data from the past three decades (1997 CE—
present) reveal an atypical ice configuration in Nares Strait (Moore et al., 2021), including shorter ice bridge duration, more
frequent formation of only the northern ice bridge, or even the complete absence of an ice bridge (Moore et al., 2021; Vincent,
2019). An increasing trend toward the exclusive northern ice bridge limits the export of drift ice through Nares Strait, leading

to more open-water conditions in Kane Basin_and stronger influence from North Atlantic waters coming from the South. A

previous study suggests that the persistence of the northern ice bridge therefore promotes enhanced—elevated primary
productivity in the region (Georgiadis et al., 2020). Based on this, we interpret the observed rise in primary production and
changes in dinoflagellate cyst assemblages as a response to more frequent open-water conditions in Kane Basin. However,

differences between the two core sites is explained by local factors linked to marine-terminating glaciers mechanisms such as
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subglacial discharge triggering subglacial upweeling sustaining higher productivity. A modelling study of Nares Strait

projecting sea ice and hydrographic conditions from 1952 to 2080 CE predicted a decline in sea-ice cover and a fresher sea
surface (Rasmussen et al., 2011). Our long-term observations suggest-indicate that these were medeled-changes-are-already
underway by ca. 1950 CE.

Our results highlight the importance of paleo-records for assessing the time of emergence and sensitivity of these mechanisms

byto warming and thefor evaluating the subsequent hydrological and primary production changes important to fisheries. The

presence of ice-bridges in Nares Strait plays an essential-erueial role in maintaining the highly productive NOW-North Water
Polynya, a climate sensitive ecosystem (Ribeiro et al., 2021), and satellite data indicate a potential decline in its productivity
(Marchese et al., 2017). This raises the possibility that areas of open water supporting higher productivity may expend be
shifting-northward, a trend also seen for higher trophic levels over the Holocene (Schreiber et al., 2025) inteKane Basin—A

long-term study covering periods where both ice bridges were lacking have shown that the configuration led to increased drift-
ice export through Nares Strait and a subsequent decline in primary production (Georgiadis et al., 2020). This suggests that
the recent increase in productivity observed in Kane Basin is likely associated with the selective-presence of the northern ice

bridge.

5 Conclusion

Ta-this-study-wWe analysed two marine sediment records spanning approximately 250 years from two locations within Kane
Basin_to distinguish between local and regional changes. The two sediment cores from Kane Basin show clear spatial

extensive sea-ice conditions during the Little Ice Age (~1750-1900 CE). After ~1900 CE, they show a shift toward more
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seasonal and variable sea ice, with this transition occurring earlier and more clearly on the gastern side. Around 1950 CE, both

Engelsk (USA)

sites register a more pronounced change: increasing primary production, a shift toward more phototrophic/mixotrophic

dinoflagellate species, and signals of enhanced stratification and freshwater input. We interpret this as a response to intensified

Overall, Kane Basin emerges as a sensitive indicator region for future change in Nares Strait. Because this gateway controls

ice and freshwater exchange between the Arctic Ocean and northern Baffin Bay, continued shifts in glacier dynamics and sea

provide important long-term context for understanding how this system responds to ongoing warming.
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Figure 1: (a) Map_of the study region, illustrating the-primary-ocean circulation patterns in threugh-Nares Strait, with the warm,
saline West Greenland Current shown in red and the cold, fresher Baffin Current in blue. The locations of the two cores, AMD14-
Kane2B-BC (Kane2B) and AMD19-6.2BC (6.2BC), are marked with yellow dots. The North Water (NOW)-Polynya extent in light
blue is based on 1. C. C. Pikialasorsuaq Commission (2017) and the Last Ice Area extent is shown by a grey dashed line based on
(Fol et al., 2025). (b) Enlarged view of Kane Basin in Nares Strait, including bathymetric data obtained from the International
Bathymetric Chart of the Arctic Ocean (IBCAO), Version 5 (Jakobsson et al., 2024). The dashed square indicates the location of
map (e). (e)-Fhe-gGlacier frontal positions and the centerline retreat rates for Humboldt Glacier extracted from the TermPicks
Version 2 dataset (Goliber et al., 2022). Terrestrial high-resolution optical satellite imagery is from the Sentinel 2 and SPOT 6/7
satellites provided by the Danish Agency for Climate Data (KDS, 2025). The data was plotted in QGIS version 3.4.3 using a polar
stereographic projection centred on the North Pole (EPSG: 3413). (d¢c) Different-eExamples of eEarly -June ice bridge configuration.
We acknowledge the use of imagery from NASA Worldwide application (https://worldview.earthdata.nasa.gov), part of the NASA
Earth Science Data and Information System (ESDIS).

Figure 2: Marine sediment records (a) Kane2B and (b) 6.2BC. From left to right: total organic carbon (TOC) and total nitrogen

(TN) weight percentages, carbon stable isotopes erganie-earbon-isetop pesition-(8'°C)_values (relative to the Vienna Peedee
Belemnite standard), carbon-to-nitrogen ratio (C:N), concentration of lipid biomarker IP2s and HBI 111, tration of d terol

and brassicasterol (exclusively for corerecerd 6.2BC (b)), biogenic silica (BSi) content, percentage of grain size >63 pm,

sedimentation rate, and age-depth relationships-model. The orange dots highlight the levels with detectable 2'°Phs activites, which

were used to estimate the mass accumulation rates: the dashed lines indicate the layers for which the age models where exstrapolated
(see section 3.1 for details). extrapolated-using sedimentation rates.-Actual *'"Pb-measurements-are shown-as-orange dots; and-the

dashed section-of the-age model-indicates-inereased-uncertainty—The grey bands highlight layers where grains larger than 150 pm
(IRD)constitute at least 20% of the sample.

Figure 3: (a) Biogenic silica (BSi) plotted against total organic carbon (TOC) (b) Origin of the organic matter is described by plotting
813C against C:N ratio (Meyers, 1994). The blue dots show data from AMD14-Kane2B-BC and the red dots show data from AMD19-

6.2BC. The sea-ice and terrestrial arrows indicate that samples plotting closer to the part of the diagram represent relatively greater

terrestrial influence compared to the other samples.

hl

Figure 4: Principal Component Analysis (PCA) of the d cyst ge data for both records grouped into 50-year

intervals. The intervals <1850 CE are plotted in grey to reflect the lower confidence in age estimation for the deeper parts of the
cores. Brigantedinium spp. (Bspp), Operculodinium centrocarpum (Ocen),~ cyst of Pentapharsodinium dalei (Pdal), Islandinium

ispil (Ibrev), Islandini 7 subsp. barbatum (Ibar), Islandinium? Cezarecezare/cyst of Protoperidinium tricingulatim

n
bre

(Icez), Spiniferites r var. r (Sram), E,

karaense (Ekar), Islandini 7 subsp. Ml (Imin), cyst

of Polykrikos? sp. of Kunz-Pirrung (1998) — Arctic morphotype (Poly), Spiniferites elongatus s.1. (Selong), cyst of Biecheleria spp.

(Biec), cyst of Pentaph dinium dalei (Pdai). Heterotrophic taxa are shown in black, auphototrophic/mixotrophic taxa in yellow.

and sea-ice indicator Pglac in blue.
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Figure 5: Visual comparison of micro charcoal fragments abundance between the two sites. Slides from Kane2B (left site) show a

ly high tration of coal fragments throughout the record, in contrast to -rare occurrences in record 6.2BC (right

site).

Figure 6. Estimated retreat of the Humboldt glacier since 1965 and solid ice discharge (Mouginot et al., 2019), compared with IRD
layers found in the 6.2BC sediment core. The centerline retreat of Humboldt Glacier has been calculated in kilometres based on the
systematically mapped front positions from 1965 CE (Goliber et al., 2022). For years with multiple frontal observations, we
calculated the annual mean change rate. The dark grey bands highlight layers where grains larger than 150pm constitute at least

20% of the sample, with the age uncertainties errer-shown in light grey derived from 2'’Pb chronology and corresponding to layers

within the well-constrained part of the sediment record (Fig. 2).

Figure 7: Inferred sea-ice conditions for the Kane2B record (top) and 6.2BC record (bottom) based on IP2s, HBI 111, the abundances
of the dinoflagellate cyst Islandinium minutum subsp. Mmjnutum, and the presenee-occurrence or-absenee-of Polarella glacialis cysts
represented by horizontal grey bands. For the 6.2BC record, the PIP»s index is calculated using concentrations of the-pelagic

phytosterol markers-brassicasterol (PglPps, shown in light grey, and with ¢ =4.216) and di ol (PpIP2s, shown in dark grey, and

with ¢ = 6.063). PIPps-based sea-ice conditions are derived from Miiller et al. (2011). The bottom panel displays air temperature data

from the GRIP ice core record in black (Dahl-Jensen et al., 1998) and the Mittarfik Qaanaaq weather station in grey (data from the
Danish Meteorological Institute (dmi.dk)). Grey-Vertical grey bands highlight layers where grains larger than 150pm constitute at

least 20% of the sample. The Little Ice Age (LIA) period is indicated by an arrow.

Figure 8: Primary production panel for the Kane2B record (top) and 6.2BC record (bottom) based on biogenic silica (BSi),

dinoflagellate cyst concentrations, and the abundance of autotrophic/mixotrophic species. For the 6.2BC record, additional data

o 1

hl

include the pelagic bi kers brassi ol and dinosterol, as well as total organic carbon (TOC). Di

e cyst

are represented as pie charts, showing the average abundances for the periods 1750-1900 CE and 1900 CE to the present. Grey
bands highlight layers where grains largerthan>150pm constitute at least 20% of the samplesediment. The Little Ice Age-(-1A)

extent is indicated by an arrow.
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