
PAWŁOWSKA,
 

J., ZAJĄCZKOWSKI,
 

M., SZCZUCIŃSKI,
 

W., ZABORSKA,
 

A., 

KUCHARSKA, M., JERNAS,
  

P., FORWICK,
 
M. : The influence of Coriolis force 

driven water circulation on the palaeoenvironment of Hornsund (S Spitsbergen) over 

the last century 

 

The influence of the Coriolis force on the Hornsund fjord environment (southern Spitsbergen) 

was investigated in the marine sedimentary record from the last century. Due to the influence 

of the rotational effects, Atlantic and Arctic water enters the fjord along the southern shore 

and exits along the northern shore. Thus, the sedimentary record from the southern part 

reflects the large-scale hydrologic processes associated with these oceanic water masses, 

whereas the northern portion is affected by a combination of regional and local waters 

(including glacial meltwater). To assess the significance of the Coriolis force-driven 

circulation in this environment over the last century, two short sediment cores were sampled 

from the southern and northern parts of the fjord. The cores were dated with 
210

Pb and 
137

Cs 

and analysed for grain size, ice rafted debris, benthic foraminifera and the stable isotopes 

(δ
18

O and δ
13

C). The influence of the Coriolis force was most apparent in the benthic 

foraminiferal record. The foraminiferal assemblage of the southern part of the fjord is 

characterized by markedly higher species diversity and a high percentage of Atlantic water 

species compared to the northern part. This pattern likely resulted from the lower level of 

environmental disturbance and the constant introduction of propagules and juveniles from 

offshore pools. The northern part of the fjord is characterized by more unstable environmental 

conditions due to the variable delivery of turbid meltwater, which is reflected in the low-

diversity foraminiferal assemblage dominated by glaciomarine taxa and bottom current 

indicators. The influence of the Coriolis force on the sedimentary regime is less clear. Since 

the geometry of many of the European Arctic fjords allows the rotational dynamics of water 



masses, our results may serve as a reference for further studies on the influence of the Coriolis 

force-driven rotational dynamics on modern and past environments. 

 

 

 

Joanna Pawłowska (pawlowska@iopan.pl), Marek Zajączkowski and Małgorzata Kucharska, 

Marine Ecology Department, Institute of Oceanology, Polish Academy of Sciences, 

Powstańców Warszawy 55, 81 – 712 Sopot, Poland; Witold Szczuciński, Institute of Geology, 

Adam Mickiewicz University in Poznań, Maków Polnych 16, 61-606 Poznań, Poland; Agata 

Zaborska, Marine Chemistry and Biochemistry Department, Institute of Oceanology, Polish 

Academy of Sciences, Powstańców Warszawy 55, 81 – 712 Sopot, Poland;  Patrycja Ewa 

Jernas, Matthias Forwick, Department of Geoscience, University of Tromsø – The Arctic 

University of Norway, Postboks 6050 Langnes, N-9037 Tromsø, Norway 

 

 

 

 

 

 

 

 

 

 

 

 



Fjords are unique settings that archive information about terrestrial and marine environmental 

changes at local and regional scales. The stratigraphic interpretation of fjord sedimentary 

records can provide insight into past climatic and environmental conditions (e.g. Andrews & 

Syvitski 1994) at mid- to high latitudes, e.g. Greenland (Seidenkrantz et al. 2007), Canada 

(Dallimore et al. 2008), the European Arctic (Jernas et al. 2013), Antarctica (Gilbert et al. 

2003), and Chile (Sepúlveda et al. 2009). Due to their high sediment accumulation rates, 

fjords potentially archive records of environmental changes with high temporal resolution 

(Gilbert 2000). 

The oceanographic conditions in the fjords of western Spitsbergen are strongly related 

to the inflow of warm and saline Atlantic Water (AW) as well as glacial meltwater (Svendsen 

et al. 2002; Nilsen et al. 2008; Forwick et al. 2010). The distribution and circulation of water 

masses in fjords are affected by a variety of factors, including wind, freshwater discharge, 

tidal pumping and rotational dynamics caused by the Coriolis force (e.g. Skarðhamar & 

Svendsen 2010). Among these processes, freshwater discharge and water mass movement 

caused by tidal pumping are steered by the Coriolis force. The impact of wind is temporary 

and can be neglected in terms of the long-term sedimentary record. Due to the Coriolis force, 

shelf water entering the fjords of the northern hemisphere is deflected towards the right-hand 

shore (Nilsen et al. 2008), affecting the distribution of brackish and saline waters across the 

fjord (e.g. Svendsen et al. 2002) and the sedimentation patterns (e.g. Gilbert et al. 1998; 

Howe et al. 2003). The influence of the rotational effects on the water mass distribution 

depends on the width of the fjord compared to the internal radius of deformation (the so-

called internal Rossby radius; Gilbert 1983) as well as on the velocity of the deflected current. 

The widths of the outer parts of Arctic fjords usually exceed the Rossby radius by 2-3 times, 

thus allowing for rotation of water masses within the fjords (Cottier et al. 2010). 



Climate-induced changes in water-mass composition and water circulation affect the 

functional properties of ecosystems and lead to changes of fjords productivity and 

biodiversity (e.g., Berge et al. 2005; Cottier et al. 2005; Zajączkowski et al. 2010b; 

Pawłowska et al. 2011). In glaciated fjords, the strong environmental gradients in turbid water 

input and sedimentation induce large changes in the benthic community composition and its 

abundance from the inner to outer areas of the fjords (Svendsen et al. 2002; Jernas 2012; 

Włodarska-Kowalczuk et al. 2013). Benthic foraminiferal abundance and species composition 

in the Spitsbergen fjords are mainly controlled by glacial meltwater discharge and AW inflow 

(Hald & Korsun 1997; Korsun & Hald 2000; Pogodina 2005) – two factors that are strongly 

affected by climate change. Benthic foraminiferal census data and stable isotope compositions 

obtained from foraminiferal tests are valuable data sets in the sedimentary record in fjords. 

They are commonly applied in Arctic and sub-Arctic regions on centennial to millennial 

timescales (e.g. Majewski & Zajączkowski 2007; Skirbekk et al. 2010; Jernas et al. 2013). 

However, to our knowledge, the direct relationships between foraminiferal distributions in 

fjords and the Coriolis force have not been studied before.  

The aim of this study is to define the influence of the Coriolis force on the benthic 

foraminiferal fauna assemblages in Hornsund fjord (Spitsbergen) during the 20th century. The 

study is based on the multi-proxy analysis (including foraminiferal biodiversity, the isotopic 

composition of foraminiferal tests and sedimentological properties) of two sediment cores 

retrieved from the northern and southern parts of the fjord. These records reveal 

environmental variability in Hornsund caused by large-scale oceanographic processes related 

to variations in the inflow of water from the Atlantic and by changes in the local cryosphere 

and oceanography.  

 

 



Study area 

Hornsund is the southernmost fjord system in western Spitsbergen. It comprises a main basin 

and multiple side bays, particularly in the inner parts (Fig. 1B). The entire system is ~32 km 

long and up to 10 km wide. Sills at water depths of ~100 m separate the main fjord from the 

inner bays. The main fjord basin is >250 m deep, and the glacier-proximal basins are 180 m 

(Burgerbukta and Samarinvågen), 150 m (Brepollen) and 55 m (Isbjörnhamna) deep. 

The water masses in the fjord are influenced by Shelf Transformed Water (STW), 

which forms over the continental shelf via mixing of the warm and saline Atlantic Water 

(AW) carried northward by the West Spitsbergen Current and the colder and fresher Arctic 

Water (ArW) transported by the East Spitsbergen Current (Fig. 1A; Beszczyńska-Möller et al. 

1997). Winter Cooled Water (WCW) with temperatures below -0.5 ºC occupies the innermost 

near-bottom part of the fjord (Beszczyńska-Möller et al. 1997). 

The drainage area of Hornsund is almost 70% covered by glaciers, which makes it one 

of the most glaciated areas in Svalbard (Hagen et al. 1993; Błaszczyk et al. 2013). Tidewater 

glaciers constitute 97% of the glaciated area. During the last century, glaciers in Hornsund 

have significantly retreated, and their total area has decreased by approximately 172 km
2
 

(Błaszczyk et al. 2013).  

Węsławski et al. (1991) reported a significant contribution of glacier meltwater runoff 

to Hornsund waters. In addition to meltwater, glaciers supply significant amounts of sediment 

to the fjord system. The concentration of suspended mineral particles varies during the 

summer from 35 mg dm
−3

 in the inner basin to 1.5 mg dm
−3

 in the central and outer basins 

(Zajączkowski pers. obs.). Modern sediment accumulation rates in the fjord range from 0.5 

cm a
-1 

in the central part to 0.7 cm a
-1

 at the fjord head (Szczuciński et al. 2006). 

The bottom sediments in Hornsund are characterized by the presence of four main 

lithofacies (Görlich 1986). In glacier-proximal settings sediments are composed of stratified 



sandy mud, with sand and gravel. With increasing distance from the tidewater glacier fronts, 

organically laminated muds intercalated with coarse-grained layers dominate, and in glacier-

distal settings, homogenous, bioturbated mud with coarse-grained intercalations is found. 

Additionally, sandy gravel is documented in shallow water (Görlich 1986).  

There is a distinctive gradient of foraminiferal fauna from the inner to outer parts of 

Hornsund. The density and species richness of foraminifera decrease in the vicinity of the 

glaciers (Włodarska-Kowalczuk et al. 2013). According to Hald & Korsun (1997), the 

innermost part of Hornsund is dominated by glaciomarine species, mainly Elphidium 

excavatum and Cassidulina reniforme. Characteristic species of the outer and central fjord are 

Nonionellina labradorica, Recurvoides turbinatus, Bucella frigida, Adercotryma glomerata 

and Islandiella norcrossi. Similar observations were made by Pogodina (2005), Zajączkowski 

et al. (2010a) and Włodarska-Kowalczuk et al. (2013). 

 

Material and methods 

The two 30-cm-long sediment cores NORTH and SOUTH were retrieved with box corers 

during scientific cruises of the R/V Oceania in 2012 and R/V Helmer Hanssen (formerly R/V 

Jan Mayen) in 2009, respectively. The NORTH core was retrieved from a depth of 125 m, 

whereas the SOUTH core was retrieved from 130 m (Fig. 1B). The cores were stored at 4 °C 

and shipped to the Institute of Oceanology PAN for further analysis, where they were 

subsampled at 1 cm intervals.  

Sediment accumulation rates (SARs) were determined through complementary 
210

Pb 

and 
137

Cs analyses. Samples of approximately 20 to 60 g were taken from 1-cm-thick 

intervals. Samples were dried, ground and packed into sealed containers and measured with 

high-purity germanium gamma detectors (Canberra). The obtained activities were decay-

corrected to the date of sampling, and the results are reported within a two-σ standard 



deviation uncertainty range. The 
210

Pb and 
137

Cs analyses of the NORTH core were performed 

in the Department of Marine Chemistry, Institute of Oceanology PAN, whereas the SOUTH 

core was analysed at the Institute of Geology, Adam Mickiewicz University in Poznań, 

Poland.  

The SARs were calculated from the decrease in excess 
210

Pb activity with sediment 

depth, according to the formula of McKee et al. (1983): 

                                                      SAR =  
λz

ln
A0
Az

            (1) 

where A0 is the radionuclide activity in an upper level of the profile, Az is the activity of the 

radionuclide at distance z below level A0, and λ is the decay constant of the radionuclide 

(ln
2

t1
2⁄

). 

Changes in the excess 
210

Pb activity depth profiles were interpreted as likely changes 

in the SARs, which were calculated using the same formula. Excess 
210

Pb activities were 

determined by subtracting the average supported activity taken from the sample below the 

region of radioactive decay from the total activity. Another independent SAR assessment was 

made using the first occurrence of 
137

Cs as a marker of the early 1950s (taken as 1952) and its 

maximum activity as ~1962 (e.g. Robbins & Edgington 1975; Appleby 2008). Due to possible 

sediment mixing as well as variations in sediment accumulation rates and sediment properties, 

the calculated sediment accumulation rates must be regarded as approximate values. 

Prior to the grain size analyses (fraction <2 mm), samples were freeze-dried, and the 

grain size was measured with a Mastersizer 2000 laser analyser, coupled with a HydroMU 

device (Malvern Instruments, UK). The data were analysed using GRADISTAT 8.0 software 

(Blott & Pye 2001) and are presented as % volume. The sediment size fractions were 

classified according to Udden (1914) and Wentworth (1922). Mean grain size was calculated 

using the logarithmic method of moments. Furthermore, the dried and weighted fraction >0.5 



mm was used for ice-rafted debris (IRD) analyses. IRD is reported as the number of grains per 

gram of sediment (grains g
-1

). 

Ten to twelve well-preserved tests of average size belonging to the foraminiferal 

species Cibicides lobatulus were selected for stable isotope (δ
18

O and δ
13

C) measurements 

from 15 layers of each core. Specimens of similar size were collected from the size fraction 

100 – 500 µm. Measurements were performed using a Finnigan-MAT 253 mass spectrometer 

coupled to a Kiel IV carbonate preparation device (Thermo Fischer Scientific, Waltham, MA, 

USA) at the University of Florida. The resulting values were compared to the isotopic 

standard NBS-19 and are expressed in standard δ notation relative to the Vienna Pee Dee 

Belemnite (VPDB) standard.  

Prior to the benthic foraminiferal assemblage analyses, each subsample was dried, 

weighed and wet sieved using sieves with mesh sizes of 500 and 100 µm. In total, 300 to 500 

specimens were dry-picked from the >100 µm fraction and identified to the most specific 

taxonomic level possible. Samples with large quantities of tests were divided with a 

microsplitter prior to counting. The foraminiferal counts are presented as the number of 

species and as the absolute abundance (number of individuals per gram of sediment; ind. g
-1

) 

and relative abundance (% of the total assemblage).  

 The foraminiferal species were grouped based on their ecological tolerance, according 

to Majewski et al. (2009) and references therein. Four groups of indicators (Table 1) were 

distinguished: glaciomarine species, AW indicators, ArW indicators and bottom-current 

indicators. 

Foraminiferal assemblages were analysed using a multivariate analysis with PRIMER 

6.0 software (Clarke & Warwick 2001). Bray-Curtis similarities between the samples were 

calculated based on the double root-transformed dataset. Similarity matrices were visualized 

with a hierarchical cluster plot. The assemblages were analysed by orthogonally rotated 



(varimax) Q-mode Principal Component (PC) analysis using SYSTAT 11 software. Taxa with 

abundances of >1% in at least one sample were analysed. Each PC was defined by the 

dominant (and eventually accessory) species. The PCs are referred to as foraminiferal 

assemblages (FA) named after the dominant species. 

 

Results 

Sediment accumulation rates 

The downcore changes and activities of 210Pb and 137Cs in both cores were similar (Fig. 2). 

Thus, the average sediment accumulation rate (SAR) is considered similar in both cores and, 

depending on the applied calculation model, varies between 0.2 and 0.4 cm a
-1

, as verified by 

the maximum 137Cs activity at approximately 20 cm ascribed to 1961. In both cores, the 

excess 210Pb profile revealed some variations in activity with depth, which could be ascribed 

to variations in SAR, assuming limited impact of mixing, changing sediment sources, and 

other effects. In general, a steeper profile likely represents a higher SAR. The SAR in the 

NORTH core varied from 0.05 to 0.8 cm a
-1

 (Fig. 3). There were two distinctive periods when 

SAR was noticeably higher: between 22 and 16 cm sediment depth and between 12 and 4 cm 

sediment depth. The SAR in the SOUTH core was relatively stable in the lower part of the 

core (below 15 cm sediment depth) and did not exceed 0.2 cm a
-1

. In the uppermost 15 cm, 

two possible periods of high SAR occurred, reaching 0.6 and 1.1 cm a
-1

, respectively (Fig. 3).  

 

Grain size and IRD 

The sediment in the NORTH core is composed of mud and is dominated by the silt fraction. 

The sand content is less than 20% (Fig. 3). The mean grain size was classified as medium to 

coarse silt. The sediment is poorly sorted throughout and unimodal in the upper 22 cm. The 

sediment is bimodal between 23 and 30 cm depth (Fig. 4). The amount of IRD is highest in 



the lowermost part of the core (between 30 and 25 cm depth), reaching up to 34 grains g
-1

. 

However, four marked peaks of IRD also occur at the depths of 20, 17, 7, and 3 cm, with 

values of up to 31 grains g
-1

 (Fig. 3).  

The sediment recovered in the SOUTH core is composed mostly of silt, with the sand 

content reaching 14% (Fig. 3). The mean grain size was classified as medium silt. The 

sediments are unimodal and poorly sorted throughout the core (Fig. 4). The amount of IRD 

per gram of sediment decreases towards the top of the core and is highest (up to 23 grains g
-1

) 

at the bottom of the core. In the uppermost layers, the amount of IRD does not exceed 5 

grains g
-1

 (Fig. 3).  

 

Stable isotopes  

The δ
18

O values of the foraminiferal tests from the NORTH core range from 4.0 to 2.38 ‰ vs. 

VPDB and are most variable in the lowermost part of the core (between 30 and 20 cm), with 

two peaks of higher δ
18

O values at 25 and 21 cm depth, which reach values of 3.8 and 4.0 ‰ 

vs. VPDB, respectively. In the upper layers, the δ
18

O values are lower and more stable, with 

the lowest δ
18

O value at a sediment depth of 9 cm. The δ
13

C values vary from 1.22 to -0.24 ‰ 

vs. VPDB and generally increase upcore, with the lightest δ
13

C occurring between 10 and 5 

cm sediment depth (Fig. 3).  

In the SOUTH core, the δ
18

O values vary from 3.15 to 2.43 ‰ vs. VPDB and are 

generally less variable than those in the NORTH core. The δ
18

O values are slightly lower in 

the upper 15 cm, reaching 2.2 ‰ vs. VPDB in the uppermost sample. The δ
13

C values range 

from 1.41 to -0.5 ‰ vs. VPDB, and the variations are similar to those of the δ
18

O values, i.e., 

lower δ
13

C values are present in the upper part of the core (Fig. 3). 

 

 



Foraminiferal abundance and species composition 

A total of 45 benthic foraminiferal taxa were identified in the NORTH core (Table S1). 

Foraminiferal abundance was low (≤607 ind. g
-1

) and relatively stable in the sediment layers 

between 30 and 10 cm. In the upper 10 cm, foraminiferal abundance increased considerably, 

reaching up to 1600 ind. g
-1 

(Fig. 5). The number of species per sample varies with depth, 

decreasing from 26 at 6 cm to 8 at 25 cm sediment depths (Fig. 5).  

A total of 70 taxa were identified in the SOUTH core (Table S2). The number of 

foraminifera per gram of sediment is higher than in the NORTH core, and the highest values 

were noted in the uppermost 15 cm of sediment (up to 1750 ind. g
-1

; Fig. 5). The number of 

species per sample decreases with depth, and the highest values (up to 33 species) were 

observed in the uppermost 10 cm (Fig. 5).  

The foraminiferal assemblages in both cores are dominated by glaciomarine species 

(Fig. 5), mainly Elphidium excavatum and Cassidulina reniforme (Tables S1, S2), which 

account for 90% of the foraminiferal specimens in the NORTH core and 83% of those in the 

SOUTH core. The percentage of glaciomarine species is highest in the lowermost layers of 

both cores (Fig. 5). The NORTH core is also characterized by a high abundance of bottom 

current indicators, mainly Cibicides lobatulus (up to 30%; Fig. 5; Table S1), whereas the 

SOUTH core is characterized by a high percentage of species considered to be AW indicators 

(up to 25%) and agglutinated taxa (up to 50%; Fig. 5). 

The NORTH and SOUTH foraminiferal assemblages formed clearly separate groups 

on the cluster plot (Fig. 6). In the NORTH core, the 3-factor PC explained 97.76% of the total 

variance of the tested dataset (Fig. 7, Table 2). The statistically important assemblages are (1) 

the C. reniforme Foraminiferal Assemblage (FA), with C. lobatulus and E. excavatum as 

accessory species, which explains 91.91% of the total variance, (2) the E. excavatum FA, with 

C. reniforme and C. lobatulus as accessory species, which explains 3.64% of the variance, and 



(3) the C. lobatulus FA, with C. reniforme and Cribrostomoides crassimargo as accessory 

species, which explains 2.21% of the variance (Table 2). In the SOUTH core, the proposed 4-

factor PC explains 96.73% of the total variance. The statistically important assemblages are 

(1) the C. reniforme FA, with Spiroplectammina biformis and Bucella frigida as accessory 

species, which explains 37.38% of the total variance, (2) the E. excavatum FA, with S. 

biformis, Recurvoides turbinatus, Nonionellina labradorica, B. frigida and Islandiella 

norcrossi as accessory species, which explains 29.93% of the variance, (3) the R. turbinatus 

FA, with E. excavatum, C. reniforme, and B. frigida as accessory species, which explains 

17.69% of the total variance, and (4) the N. labradorica FA, with E. excavatum, S. biformis, 

Spiroplectammina earlandi, C. reniforme, and Hyperammina subnodosa as accessory species, 

which explaines 11.72% of the total variance (Table 3). Both cores are dominated throughout 

by the C. reniforme FA and E. excavatum FA. In the NORTH core, the C. lobatulus FA 

loadings are the highest in the lowermost 10 cm. In the SOUTH core, the R. turbinatus FA 

becomes significant between 18 and 5 cm sediment depth, and the N. labradorica FA 

becomes significant at ~23 cm and in the uppermost 3 cm of sediment (Fig. 7). 

 

Discussion 

Sedimentary environment 

No substantial differences between the cores are observed in terms of the mean grain size and 

the grain size composition (Fig. 4). Moreover, the measured 
210

Pb activities and, 

consequently, the calculated average sediment accumulation rate (SAR) are similar, 

prompting the comparison of the NORTH and SOUTH sedimentary records in terms of the 

influence of the Coriolis force on the sedimentary regime in Hornsund. We hypothesize that 

long-term variations in the deposits in the SOUTH core reflect the influence of shelf 

processes related to regional oceanographic changes (e.g., the balance between Arctic and 



Atlantic water masses), whereas the record from the NORTH core reflects a combination of 

regional oceanographic changes as well as local influences of meltwater runoff originating 

from the numerous glaciers in the inner fjord.  

The most pronounced sign of glacial impact on the NORTH core is the markedly 

higher and more variable IRD delivery during the 20th century compared to the SOUTH core 

(Fig. 3). Svalbard glaciers reached their maximum Holocene extent at the end of the Little Ice 

Age (LIA; ~AD 1900, Majewski et al. 2009) and retreated during the 20th century (Plassen et 

al. 2004; Błaszczyk et al. 2013). At the end of the 19th century, both coring sites were located 

closer to the potential sources of icebergs (e.g., the glaciers Hansbreen and Körberbreen; Fig. 

1B). In the SOUTH core, the continuously decreasing amount of IRD (Fig. 3) since ~AD 

1900 is suggested to reflect the increasing distance between the calving fronts of tidewater 

glaciers and the coring site and the consequent reduction in drifting icebergs and IRD 

transport. Conversely, the higher and more variable IRD delivery observed in the NORTH 

core throughout the 20th century reflects the continuous glacial impact on the site. This may 

be due to the much closer proximity of the Hansbreen tidewater glacier calving front but may 

also result from the position of the site on the primary transport path of icebergs from the 

inner fjord due to Coriolis force-induced circulation. The onset of the 20th century is also 

marked by variable δ
18

O values in the NORTH core, whereas the δ
18

O values in the SOUTH 

core remain relatively stable (Fig. 3). The variability in the NORTH record might indicate the 

strong seasonal influence of meltwater delivered during the summer from retreating glaciers.  

Moreover, the bimodal grain size distribution occurring at the onset of the 20th 

century in the NORTH core may also be attributed to the glacial impact, including an 

additional sediment source (e.g. a meltwater stream) or more intense ice rafting (Fig. 4). It is 

less probable that sediment bimodality resulted from sediment sorting, as the sediments are 

poorly sorted throughout the core. However, the grain-size distribution in fjords might be 



controlled also by other factors, such as gravity flows and turbidity currents (Elverhøi et al. 

1983), ice-contact processes in front of tidewater glaciers, and tidal currents in the outer fjord 

(Syvitski 1989). Thus the variety of factors possibly impacting the sediment grain-size 

distribution precludes reaching any general conclusions.  

The δ
13

C records in the two cores reveal a similar increasing trend from the onset of 

the 20th century to the present (Fig. 3). These changes may be related to the spring sea-ice 

extent and primary production. According the Vinje et al. (2001), the April sea-ice extent was 

reduced by approximately 33% during the last 130 years. The presence of sea-ice cover in 

spring causes i) a reduction of the thickness of the euphotic zone, ii) a higher concentration of 

phytoplankton biomass in the upper layer of surface meltwater, and iii) a change in the timing 

of the spring phytoplankton bloom. In ice-free years, the spring phytoplankton bloom starts 

earlier, and the phytoplankton biomass is spread throughout the entire water column 

(Zajączkowski et al. 2010b). Additionally, meltwater and sediment delivery to the fjord 

affects the turbidity of the euphotic zone, limiting primary production and the flux of fresh 

organic matter to the bottom (Zajączkowski et al. 2010b). In Hornsund, the glaciers retreated 

during the 20th century, and the majority of the meltwater and suspended material delivery 

likely became restricted to the inner glacier bays. Thus, we suggest that the observed trend in 

the δ
13

C records reflects the shift from an environment impacted by sea ice and glacial 

activity to modern ice-free conditions with lower concentrations of suspended material in the 

main fjord basin.  

 

Foraminiferal fauna 

The foraminiferal assemblages in the two cores are dominated throughout by two 

glaciomarine species, E. excavatum and C. reniforme (Figs. 5, 7), in agreement with previous 

studies of foraminiferal fauna in Hornsund (e.g. Hald & Korsun 1997; Zajączkowski et al. 



2010a). The presence of E. excavatum and C. reniforme is usually attributed to settings 

characterized by high sedimentation rates, pulsed organic matter supplies and unstable bottom 

sediments (Korsun et al. 1995; Hald & Korsun 1997; Pogodina 2005; Jernas 2012). Notably, 

in the periods of stronger dominance of C. reniforme (expressed as PC loading values), the 

significance of E. excavatum decreases, and vice versa. E. excavatum and C. reniforme occur 

frequently in modern glaciomarine environments; however, it is likely that C. reniforme 

prefers higher salinities compared to E. excavatum (Jernas 2012), such as the conditions 

present during seasons of stronger AW influence in the fjord (Łącka & Zajączkowski 2016).  

Despite the fact that the foraminiferal fauna in both studied cores are dominated by E. 

excavatum and C. reniforme, the NORTH and SOUTH cores form clearly separated 

assemblages on the cluster plot (Fig. 6). The most characteristic features of the NORTH 

foraminiferal assemblages are the overall low numerical abundance and species diversity and 

a low percentage of agglutinated fauna, which are features characteristic of glacier-proximal 

sites impacted by brackish, turbid water. Additionally, an increased percentage of bottom 

current indicators, which require attachment to a hard substrate, are observed, and their 

presence can be attributed to the occurrence of high amounts of IRD (Fig. 5). A decrease in 

species richness and faunal density was previously observed in the vicinity of glaciers in the 

Spitsbergen fjords (e.g. Jernas 2012; Włodarska-Kowalczuk et al. 2013). Another feature 

characteristic of glacier-impacted environments is the low percentage of agglutinated taxa 

(Hald & Korsun 1997), which in the NORTH core does not exceed 5% and reaches the lowest 

values prior to ~AD 1960 (Fig. 5). The low percentages of agglutinated species in the 

lowermost parts of the core might therefore be the result of both the environmental change 

associated with the glacial retreat and the natural degradation of fragile agglutinated tests. 

Moreover, the NORTH core is characterized by a high percentage of bottom current 

indicators, mainly C. lobatulus (Fig. 5), which is an epiphytic species that requires a hard 



substrate to stay attached to the bottom surface. In the NORTH core, the C. lobatulus FA 

become markedly important during periods of increased IRD delivery (Figs. 5, 7).  

In contrast, changes in the foraminiferal species composition, diversity and abundance 

in the SOUTH core reflect the inflow of STW rather than the activity of tidewater glaciers. 

The SOUTH core foraminiferal assemblage is characterized by a high percentage of species 

classified as AW and ArW indicators (Fig. 5). Moreover, the total number of species recorded 

in the SOUTH core is significantly higher than in the NORTH core (Tables S1, S2). In the 

SOUTH core, the number of foraminiferal assemblages (FA) is higher, and the difference 

between the score values of dominant and accessory species are lower than in the NORTH 

core (Fig. 7; Tables 2, 3). These results clearly show that the foraminiferal community in the 

SOUTH core is more diverse than in the NORTH core. The observed difference in 

foraminiferal diversity might be due to the large number of rare species (i.e., species that 

account for <1% of the total abundance) in the SOUTH core (Table S2). Łącka & 

Zajączkowski (2016) noted that the increased inflow of shelf-originated STW results in higher 

foraminiferal biodiversity and a higher number of rare species. However, many of them have 

small, fragile tests that are poorly preserved in the fossil record. The presence of high 

numbers of DNA sequences assigned to species that are considered rare in Hornsund from a 

sediment core collected near the SOUTH site supports this assumption (Pawłowska et al. 

2014).  

Another typical feature of the environments influenced by Atlantic water are the high 

abundance of N. labradorica and increased percentage of agglutinated taxa. According to 

Hald & Korsun (1997), the N. labradorica FA is among the most characteristic foraminiferal 

assemblages of Spitsbergen. It occupies the outer parts of the Spitsbergen fjords influenced by 

water masses of Atlantic origin. In the SOUTH core, the N. labradorica FA is observed, but 

its significance is minor (Fig. 7). This may be due to the high percentage of agglutinated 



foraminifera (up to 50%; Fig. 5) in this core. Hald & Korsun (1997) noted that when 

agglutinated taxa are excluded from the dataset, the dominant calcareous foraminiferal 

assemblages remain the same, but the relative importance of N. labradorica FA increases. 

Moreover, such a high percentage of agglutinated foraminifera is typical of glacier-distal sites. 

In general, in the western Spitsbergen fjords, the proportion of agglutinated foraminifera 

increases from the glaciated head towards the fjord mouth, and assemblages dominated by 

agglutinated species in particular occupy the central and outer parts of the fjords (Hald & 

Korsun 1997; Forwick et al. 2010).  

The last century was characterized by a rapid climate warming followed by glacial 

retreat (Ziaja 2001; Pälli et al., 2001) Although both coring stations were located close to 

tidewater glacier fronts at the beginning of the 20
th

 century, the glacial impact was much more 

pronounced in the NORTH core, which can be attributed to the influence of the Coriolis force. 

In western Spitsbergen fjords, the Coriolis force drives the majority of shelf water entering the 

fjord to be transported mainly along the southern shore, whereas the local water (including 

glacial meltwater) is guided along the northern shore towards the fjord mouth. Strong winds 

can disturb this pattern by shifting the brackish water plume to the opposite shore, but, in 

general, lower salinity and higher sedimentation conditions predominate along the northern 

part of the fjord (e.g., Svendsen et al. 2002; Nilsen et al. 2008). These processes result in 

spatial gradients in the environmental conditions, which might be especially sharp in 

Hornsund, where major tidewater glaciers are located in the northern part of the fjord. 

The influence of rotational dynamics on fjord environments was previously observed 

in Spitsbergen fjords, e.g., Isfjorden (Nilsen et al. 2008), Kongsfjorden (Svendsen et al. 2002) 

and Storfjorden (Skogseth et al. 2005). The influence of the Coriolis force in Arctic fjords is 

pronounced due mainly to the fjord widths, which exceed the Rossby radius. The internal 

Rossby radius of deformation is a measure of the relative importance of stratification vs. 



rotation: a Rossby radius that is smaller than the fjords width allows for the variation in the 

flow induced by rotational dynamics (Cottier et al. 2010). Moreover, the majority of European 

Arctic fjords are oriented east-west, and their inner areas are impacted by glacial/fluvial 

water, whereas the outer areas are located near the major AW pathway to the Arctic Ocean. 

Therefore, the environmental effects of Coriolis force-driven circulation observed in 

Hornsund may serve as a model and may be applied to the other fjords in the region. 

 

Conclusions 

The influence of the Coriolis force-driven rotational dynamics is recognized in the 

studied cores, which were collected in the southern and northern parts of a fjord at similar 

water depths and distances from land. The influence of the Coriolis force on the sedimentary 

and hydrological regime is most clearly visible in the grain size and IRD records. During the 

last century, the glacial impact on central Hornsund progressively diminished during the 

retreat of major tidewater glaciers to the inner bays. Therefore, the glacial influence, 

expressed as higher variability in the grain size, IRD content, and δ
18

O values, is recorded in 

southern Hornsund only in the late 19th and early 20th centuries, whereas the impact of 

glaciers has been continuously recorded in the northern part of the fjord for the last 100 years. 

This impact on northern Hornsund is likely due to the more effective local meltwater supply 

and iceberg drift, both of which are preferentially driven along the northern coast. However, 

further studies are required to provide more robust conclusions.  

The influence of the Coriolis force is also clearly visible in the foraminiferal 

assemblages. Despite the overall dominance of two glaciomarine species, namely E. 

excavatum and C. reniforme, the foraminiferal fauna from the two Hornsund cores spanning 

the last century exhibit clearly distinct assemblages, as revealed by cluster analysis. Southern 

Hornsund was influenced mainly by shelf-derived water masses of mixed Arctic and Atlantic 



origin. This influence is expressed as markedly higher species diversity and by a higher 

proportion of Atlantic water species on the southern side compared to the northern side of 

Hornsund. Moreover, the high number of rare species may imply a constant introduction of 

species from offshore pools (i.e., from the West Spitsbergen shelf). In contrast, the northern 

part of Hornsund was more heavily influenced by local waters and glacial meltwater. This 

influence is reflected in the lower foraminiferal diversity and the dominance of glaciomarine 

fauna and bottom current indicators. 

The important insight of this study is that the Coriolis effect, which is rarely 

considered in palaeoenvironmental studies of fjord sediments, may be very important in the 

context of coring site selection. Coring sites selected along the fjord axis likely represent 

average environmental conditions. Thus, to better target the oceanic input or glacial response, 

one should consider sediment sampling based on the major Coriolis-induced circulation 

pattern. 
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Figures captions 

 

Figure 1. Study area with core locations. Post-LIA glacier-frontal positions (after Pälli et al. 

2003) are marked with dashed lines. The direction of water flow induced by the Coriolis force 

is marked with black arrows (B). CTD data for the NORTH (C) and SOUTH (D) from 

summer 2012 is presented. WSC = West Spitsbergen Current; ESC = East Spitsbergen 

Current. 

 



 

Figure 2. Total and excess 
210

Pb and 
137

Cs activity  in the studied cores. 

 

 



Figure 3. Foraminiferal oxygen (δ
18

O) and carbon (δ
13

C) stable isotopes, ice rafted debris 

(IRD), mean grain size, sediment accumulation rate (SAR), and sediment grain size 

composition vs. time. Note that the age model has an accuracy of approximately ±5 years at 

approximately 20 cm sediment depth and it increases with age. 

 

Figure 4. Grain size distribution in the NORTH and SOUTH cores. 



 

Figure 5. Relative abundances (expressed as % of the total assemblage) of bottom current 

indicators, glaciomarine species, Arctic water indicators, Atlantic water indicators, 

agglutinated species, number of benthic foraminiferal species,  and number of benthic 

foraminiferal tests per gram of sediment vs. time. Foraminifera are grouped according to the 

classification of Majewski et al. (2009). 

 

 



 

Figure 6. Cluster plot for Bray-Curtis similarities of foraminiferal assemblages between the 

samples of the NORTH and SOUTH cores. 

 



 

Figure 7. PC loading values for foraminiferal assemblages in the studied cores. Statistically 

significant PC loadings (>0.4) are marked in grey. 

 

 

 

 

Tables captions 

Table 1. Foraminifera indicator groups distinguished after Majewski et al. (2009).  

Table 2. PC scores and percentage of total variance explained by 3-factor principal 

component (PC) analysis performed on the NORTH (A) and SOUTH (B) datasets. Species 

significant for each assemblage are marked in bold. 
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Table S1. List of species and number of individuals found in the NORTH core. 

Table S2. List of species and number of individuals found in the SOUTH core. 

 

 


