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rates are lower (~0.1 cm/yr), the euphotic zone – deeper (20–55 m) and primary 
production – higher (Görlich et al. 1987; Wróbel et al. 2013). The dominant 
sediments, mostly silt, in Hornsund are very fine-grained and rather homogeneous 
(Grzelak and Kotwicki 2012; Drewnik et al. 2016). The organic carbon content 
was estimated from 0.8 to 1.8% (Drewnik et al. 2016).

Materials and methods

Sample collection. — Sediments were sampled at seven stations in Hornsund 
(Fig. 1). The sediments at stations H1, H2, H3 were collected in July 2015, those 
at stations H4, H5, H6, H7 in July 2016. The sampling sites were selected in 
such a way as to cover a wide range of environmental conditions in the study 
area, i.e. different water depth, salinity, dissolved oxygen levels and distance 
from the coastline and glaciers. Station H1 was located in the eastern part of 
Burgerbukta, H7 at the entrance to Burgerbukta, H2 and H6 in Brepollen, the 
innermost part of Hornsund, and H3 in Isbjørnhamna, near the Polish Polar 
Station. Station H5 was situated in the central part of the fjord – this was the 
deepest of the stations. Station H4 was situated in the outer part of Hornsund. 
The stations were characterized by differences in salinity, temperature and oxygen 
concentration in the near-bottom water (Table 1). Salinity varied between 33.3 
(station H3) and 35.4 (station H6). Near-bottom temperatures ranged from -1.1°C 
(H2) to 4.2°C (H6), and oxygen concentrations between 11.03 mg/l (H5) and 

Fig. 1. Map of Spitsbergen (A) and bathymetric map of the Hornsund fjord (B) with location 
of the sampling sites. Glaciers are shown in light grey, while land areas without glaciers are 

shown in dark grey.
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At stations H4 and H5 grazing was also less intensive than at stations H2, H6 
(Brepollen) and H1, H7 (Burgerbukta, entrance to Burgerbukta), which is in 
agreement with the information that the percentage of herbivorous zooplankton 
increased from the outer to the inner part of Hornsund (Piwosz et al. 2009).

Taking into account the percentage of the most abundant chloropigments-a, 
carotenoids and standardized parameters, i.e. concentrations of chlorophylls-c 
and chlorophyll-b, as well as additional parameters (station depths, accumulation 
rates, near-bottom water parameters – salinity, temperature, oxygen concentration) 
for the Hornsund stations (H1–H7), the results of the statistical analysis show that 
the stations divide into 4 groups (Fig. 5). This confirms our earlier conclusions, 
e.g., regarding the exceptionally high amount of undecomposed chlorophyll-a 
at station H3. The stations in Burgerbukta and Brepollen (H1, H2, H6 and H7) 
have a high percentage of pyropheophorbides-a and differ from H4 and H5 in 
the concentrations of chlorophylls-c and chlorophyll-b. Stations H1, H2 differ 
from H6, H7, for example, in the percentage of fucoxanthin derivatives.

Recent sediments (0–1 cm) were also collected in the intertidal zone (Fig. 1). 
They differed in the percentages of chlorophyll-a and pheophorbides-a (Fig. 3), 
but both contained fresh material, because pheophorbides-a are the initial products 
of chlorophyll-a decomposition under good oxygen conditions.

Phytoplankton taxonomy. — Carotenoid concentrations in sediments give 
an idea of which phytoplankton species are present. At each station (H1–H7), 
fucoxanthin and its derivatives (19’-hexanoyloxyfucoxanthin, 19’-hexanoyloxy-
4-ketofucoxanthin) were the predominant carotenoids in the sediments (Fig. 4). 
Analysis of the first 0–1 cm layer (H1, H4-H7) and the carotenoid level in the 
0–1 cm and 1-5 cm layers at stations H2 and H3 (averaged due to sediment mixing) 
indicates that the sum of 19’-hexanoyloxyfucoxanthin and 19’-hexanoyloxy-4-
ketofucoxanthin in the sediments at stations H1 (Burgerbukta) and H2 (Brepollen) 
made up a higher percentage than of fucoxanthin. This is indicative of the 
presence of haptophytes, since fucoxanthin, 19’-hexanoyloxyfucoxanthin and 
19’-hexanoyloxy-4-ketofucoxanthin are haptophyte carotenoid markers (Zapata et 
al. 2004). Wiktor and Wojciechowska (2005) determined haptophytes (Phaeocystis 
puchetii, Chrysochromulina sp.) in water from Hornsund. 

The percentage of fucoxanthin was higher at stations H3–H7 than that of 
its derivatives, suggesting that diatoms were the predominant species there. The 
occurrence of diatoms is also confirmed by the presence of diatoxanthin and 
diadinochrome in the sediments. Diadinoxanthin, a diatom marker, is an unstable 
carotenoid, diadinoxanthin is ranked 3 on a four-point scale: 1-most stable, 4-least 
stable (Leavitt and Hodgson 2001), and was not recorded in the sediments. 
Instead, diadinochrome was found. Diadinochrome is a rearrangement product of 
diadinoxanthin, which can occur in some diatoms (Borodina and Ladygina 2013). 
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Diatoxanthin is more often determined in sediments than diadinoxanthin, because 
in sediments the latter decomposes rapidly to the former (Reuss et al. 2005). 

At stations H1 and H2, by contrast, intensive zooplankton grazing might 
have reduced the abundance of diatoms, the major food item of Calanus spp. 
(Falk-Petersen et al. 2002, 2009; Wold et al. 2011), so most of the carotenoids 

Fig. 5. Results of the statistical analysis: (A) scatter plot of principal component loading by 
individual variables; (B) scatter plot of principal component object scores by sampling sites, 
based on characteristic of the surface (0–1 cm) sediment layer: the percentage of main carotenoids 
and chloropigments-a, concentration of chlorophyll-b, concentration of chlorophylls-c and as 
additional parameters: accumulation rates and near-bottom water parameters (salinity, temperature 

and oxygen concentrations).


















