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degradation degrees. First, relatively fresh phytoplankton 
organic matter and an enhanced bacterial activity were 
associated with the occurrence of seaweeds detritus and 
represent the source of n-alkanols. Second, relatively fresh 
material mainly associated with seaweeds debris were iden-
tified as the source of macroalgae sterols. Our results shed 
some light into the base of the Potter Cove trophic benthic 
chain and increase our understanding on the region’s bioge-
ochemical processes relating to OM recycling. It also pro-
vides a baseline for assessing future changes in the struc-
ture of the benthic food web in this environment, which is 
subject to noticeable glaciers retreat.

Keywords n-Alkanols · Sterols · Organic matter · 
Antarctica

Introduction

The Antarctic Peninsula is situated almost entirely below 
60°S, which gives this region the typical characteristics 
of polar environments such as low temperatures, being 
surrounded by the Antarctic Circumpolar Current, short-
growing season, high endemism (Aronson et al. 2011) and 
absence of higher plants (Greene et al. 1967; Teixeira et al. 
2013). It results in a limited source variety of sedimentary 
organic matter (OM), which is provided to the shelf benthos 
during the brief summer that in most locations accounts for 
the majority of energy input for the year (Aronson et  al. 
2011). These features affect the biota abundance and diver-
sity and increase the sensitivity to environmental changes 
(Tin et al. 2008). Thus, the knowledge on OM composition 
can provide valuable information to understand biogeo-
chemical processes (Bianchi 2007).

Abstract Sedimentary organic matter (OM) represents 
the energy supply for the shelf benthos at the Antarctic 
Ocean, and has yet to be properly characterized in terms 
of sources and composition for the Potter Cove region, 
King George/25 de Mayo Island. This energy input occurs 
mainly during the brief summer and provides the majority 
of available energy for the year, in a region with high ende-
mism and limited source variety of sedimentary OM. Thus, 
the aim of this study is to identify the OM origin and deg-
radation degree based on the spatial distribution and type 
of organic biomarkers. Twelve surficial sediment samples 
were collected and analyzed for the presence of n-alkanols 
and sterols. The different spatial patterns between the 
analyzed compounds indicated distinct OM sources and 
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Organic material in aquatic environments is derived 
from its production in aquatic systems, inputs from terres-
trial sources, and bacterial production in sediments. The 
composition of aquatic and terrestrial biota is not stable 
over time. Surface temperature changes in the Antarctic 
Ocean have affected OM production and the structure of 
ecosystems in the Antarctic Peninsula, which has resulted 
in an increase in tolerant species and a decline in species 
that are codependent on ice (Ducklow et al. 2007; Pasotti 
et al. 2015). This alteration in the Antarctic biota patterns 
could be evaluated in a more general manner due the analy-
sis of organic biomarkers, among other techniques.

Biomarkers are potential biogeochemical tools because 
they are involved in specific biosynthesis pathways in dif-
ferent organisms and adaptation of biosynthetic systems to 
environmental conditions, and are stable in recent deposi-
tional environments (Laureillard and Saliot 1993). They 
have been extensively used to characterize the distribution 
of sources of sedimentary OM in different environments 
because they can be linked to a specific source and are pre-
served after deposition. Several lipid classes are used as 
biomarkers due to their greater resistance to bacterial deg-
radation, in comparison to other organic compounds classes 
(Volkman 2006; Costa et al. 2010). n-Alkanols and sterols 
are organic markers present in the polar fraction of lipid 
extracts from marine sediments and are directly related 
to primary production (Hudson et  al. 2001). Sterols are 
among the most specific and diverse of all biological mark-
ers and can be used to trace different algae, higher animals, 
vascular plants and sewage contamination (Volkman 1986; 
Burns and Brinkman 2011; Faux et  al. 2011). n-Alcohols 
are less studied than sterols but can also be used to distin-
guish between marine and terrestrial OM inputs (Hu et al. 
2009), and identify recent inputs. Because specific groups 
of organisms synthesize different n-alkanols and sterols, it 
is possible to use these markers to identify the sources of 
OM in the Antarctic region.

This study evaluated the lipid composition (n-alkanols 
and sterols) in surficial sediment samples from Potter Cove, 
Antarctic Peninsula. The aim was to identify the origin and 
degradation degree of the organic matter through the char-
acterization of the spatial distribution and type of organic 
biomarkers. Based on the peculiar geographical characteri-
zation, this approach may help to understand the primary 
sources of organic matter to benthic communities and to 
serve as a basis for assessing future changes in the structure 
of the benthic food web of this environment.

Study area

Potter Cove is a fjord-like inlet located in the Max-
well Bay, King George/25 de Mayo Island (62°14′S; 

58°40′W), where the Argentine research station Carlini is 
located (Fig.  1). It is formed by two regions, delimited 
by moraine deposits, generating a narrowing of the sec-
tion area due to relative low depths (~30 m) (Klöser et al. 
1994). The outer portion is formed by hard substrate 
shores with dense macroalgae communities (Atencio 
et al. 2008) and can reach depths of 90 m. The inner cove 
can be 50 m deep and is formed by muddy soft bottoms 
(Mayer 2000). The surficial circulation is mainly driven 
by winds, that bring Maxwell Bay’s waters into the inner 
portion following a cyclonic pattern (the surficial water 
enters the cove along the north coast and goes out by the 
south margin, Mayer 2000). Winds and melting waters 
create a vertical circulation cell generating upwelling 
events in the inner portion (Klöser et  al. 1994; Roese 
and Drabble 1998). The inner portion of the cove is sur-
rounded by the Fourcade Glacier, which has retreated 
almost 1 km in the last 60 years (Pasotti et al. 2015).

The biota in the inner portion of Potter Cove is mainly 
composed of filter feeders and microphytobenthic algae, 
mainly diatoms (Mayer 2000; Schloss and Ferreyra 2002; 
Curtosi et al. 2007). In Potter Cove the planktonic primary 
production is low, and the phytoplankton blooms, which are 
characteristic in other Antarctic coastal areas, are almost 
absent (Schloss and Ferreyra 2002). The benthic secondary 
production is characterized by high densities and biomass 
of benthic suspension feeders, especially bivalves [such as 
Laternula elliptica (King and Broderip 1832)], gastropods 
[such as Nacella concinna (Strebel 1908)], pennatulids, 
ascidians and sponges (Schloss and Ferreyra 2002; Graeve 
et al. 2008; Curtosi et al. 2009). Bivalves and pennatulids 
are the dominant organisms at 15  m, while ascidians and 
sponges are more common at deeper waters, because of 
their lower resistance to the sediment loads from melting 
runoff (Momo et al. 2008; Sahade et al. 2008).

This local trophic web is primarily supported by algae 
detritus that are carried to the inner portion of the cove by 
the cyclonic circulation. The seaweed forest is heavily rep-
resented by Phaeophyta and Rhodophyta, particularly Des-
marestia anceps (Montagne 1842), D. menziesii (J. Agardh 
1848) and Himantothallus grandifolius (Zinova 1959) 
(Quartino and Zaixso 2008).

Detritus from terrestrial vegetation also contribute to the 
organic carbon that arrives in the marine environment. The 
vegetation around Barton Peninsula includes 62 lichens, 33 
bryophytes, and two phanerogam species (Kim et al. 2007; 
Park et  al. 2014), while Schulz et  al. (1998) observed 33 
moss species and the same phanerogam species in Pot-
ter Peninsula. Despite the higher abundance of moss and 
lichens (Schulz et  al. 1998; Kim et  al. 2007), Park et  al. 
(2014) presented evidences of a significant growth of the 
phanerogam Deschampsia antarctica Desv. (Poaceae) in 
the King George Island.
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Materials and methods

Sampling

Twelve surficial sediment samples were collected in Potter 
Cove in the austral summer of 2010/11 (Fig.  1). Samples 
were collected using a Van-Veen sampler (250 cm²) and the 
top 2  cm of sediments were wrapped in pre-cleaned alu-
minum foil. Samples were frozen, freeze-dried, carefully 
homogenized in a mortar, and stored in cleaned glass bot-
tles until extraction. As the average regional sedimentation 
rate in Potter Cove is 0.3 cm year−1 (Monien et al. 2014), 
the samples represent about seven years.

Lipid analysis

Laboratory procedure

The analytical extraction procedure for the free-lipid bio-
markers analyzed was described in detail in Wisnieski 
et al. (2014). Freeze-dried and homogenized sediments (ca. 
15  g) were Soxhlet extracted with a mixture of n-hexane 
and dichloromethane (1:1, v/v; 80  mL) for 8  h. Copper, 
previously activated by acidification with HCl (1 mol L−1), 
was added to each extraction flask to remove sulfur. A 
known amount of 5α-androstanol was added as a surrogate 

standard before extraction. The extracts were purified and 
fractionated by column chromatography using silica and 
alumina (deactivated with 5%wt  H2O) in three different 
fractions (F1 = 10 mL n-hexane; F2 = 15 mL DCM:n-hex-
ane (3:7, v:v); F3, containing sterols and alcohols =20 mL 
ethanol). The resulted extracts were concentrated using a 
rotary evaporator. They were silylated with BSTFA/TMCS 
(N,O-bis(trimethylsilyltrifluoroacetamide)/trimethylchlo-
rosilane) (99:1) at 65 °C for 90 min, evaporated to dryness 
under nitrogen, and dissolved in n-hexane. Finally, extracts 
were spiked with an internal standard (5α-cholestane) prior 
to the gas chromatography (GC) analysis.

Instrumental analysis and quality control

The instrumental analysis procedure was described by 
Martins et  al. (2014a) and, in this study, performed with 
an Agilent GC (model 7890A, Agilent Technologies, Palo 
Alto, CA, USA) equipped with a flame ionization detec-
tor (FID) and an Agilent 19091J-015 capillary fused silica 
column coated with 5% diphenyl/dimethylsiloxane (50  m 
length, 0.32  mm ID and 0.17  µm film thickness) with 
hydrogen as the carrier gas. The oven temperature was 
increased from 40 to 240 °C at a 10 °C min−1 rate, followed 
by 245 °C at 0.25 °C min−1, holding for another 5 min, then 
to 300 °C at 10 °C min−1, and holding for 5 min. Selected 

Fig. 1  Map of the study area (Potter Cove, King George/25 de Mayo Island) with sampling sites and isobaths indications
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samples were also injected in a gas chromatograph coupled 
to a mass spectrometer (Agilent 5975C inert MSD with a 
Triple-Axis Detector), using the same column and injection 
conditions as used in GC/FID, to confirm the compounds 
identification.

The compounds were individually identified by match-
ing retention times and quantified using response factors 
generated from calibration curves in the HP Chemstation 
(G2070 BA) software. The 5-point calibration curve was 
created using external standard solutions of n-alkanols and 
sterols with the range from 0.25 to 10 ng µL−1 (r > 0.995). 
A total of 19 n-alkanols, from  C12 to  C30, and 15 sterols 
were identified.

All chemicals and solvents used were trace analysis or 
HPLC grade, and the procedural blanks performed for each 
set of six samples showed no significant level peaks in the 
analyses of target compounds. The surrogate recovery, cal-
culated based on the comparison between 5α-androstanol 
and 5α-cholestane concentrations, ranged from 89 to 131% 
in this polar fraction (mean = 100.7 ± 11.6%). The detection 
limits (DL) were 0.02 μg g−1 for n-alkanols and phytol, and 
0.01 μg g−1 for sterols. The measured concentrations of tar-
get sterols in the reference material provided by the Inter-
national Atomic Energy Agency (IAEA 408) were within 
90–110% of the certified values (Martins et al. 2012).

Spatial analysis

The spatial analyses were performed using the QGIS 2.2.0 
software (Nanni et  al. 2012), and graphics and statistics 
using R software version 3.0.3 (R Core Team 2013).

Results

The concentrations of n-alkanols and sterols are presented 
in Tables 1 and 2, respectively. Among n-alkanols, the  C14 
or  C16 homologues were the most abundant among stud-
ied sites. Phytol (3,7,11,15-tetramethyl-2-hexadecen-1-ol) 

accounted for 16 ± 5% of total alcohols, representing 
the main compound found in this lipid class. Short chain 
alkanols (SCOH:  C12–C19) were predominant in ten sam-
ples, whereas long chain alkanols (LCOH:  C20–C30) were 
predominant only in samples from sites #1 and #10. The 
most abundant sterols were cholesterol (cholest-5-en-3β-ol; 
27Δ5) and sitosterol (24-ethylcholest-5-en-3β-ol; 29Δ5). 
The concentrations of fecal sterols such as coprostanol 
(5β(H)-colestan-3β-ol) and epicoprostanol (5β(H)-colestan-
3α-ol) contributed to a minor fraction of total sterols, fol-
lowed by dinosterol (4α,23,24-trimethylcholest-22E-en-
3β-ol; 30Δ22E).

Discussion

Spatial distribution of polar organic markers

The n-alkanols showed a homogeneous spatial distribution, 
with higher concentrations found on sites #2, #8 and #10 
(Fig.  2; Online Resource 1). Nevertheless, the difference 
between high and low concentrations is almost negligible. 
Conversely, concentrations of sterols were higher near the 
Carlini station and on sites #9 and #10. The high concentra-
tions found on site #10 may be related to local upwelling 
events (Roese and Drabble 1998), which provide nutrient 
enriched waters to the surface promoting phytoplankton 
production. Other studies also observed evidences of this 
phenomenon. Tatián et al. (2004) observed high amounts of 
suspended sediment loads in ascidian analyses, and Fuentes 
et  al. (2008) observed some zooplankton species in Pot-
ter Cove samples that could only be explained by oceano-
graphic processes like the upwelling of deep sea water 
masses. High sterol concentrations near the beach suggest 
the occurrence of a local source of sterols; however Monien 
et al. (2014) observed higher OM values in the northwest-
ern part of Potter Cove.

Near Carlini Station, the difference between the spa-
tial distribution of n-alkanols and sterols indicates distinct 

Table 1  Percentage of fine sediments and concentrations (in µg g−1 dry weight) of n-alkanols and phytol in sediments from Potter Cove, Antarc-
tica

a Maximum carbon chain in homologous series

Sample 1 2 3 4 5 6 7 8 9 10 11 12

% Silt + clay 13.7 69.0 53.0 74.5 71.5 73.4 74.2 63.1 44.6 74.6 66.1 50.7
Total n-alkanols 0.35 0.62 0.39 0.35 0.52 0.47 0.43 0.73 0.47 0.81 0.50 0.38
Phytol 0.11 0.18 0.10 0.05 0.08 0.06 0.09 0.08 0.07 0.20 0.08 0.03
Cmax n-alkanolsa 28 14 and 15 14 16 16 16 14 and 16 16 14 16 14 15
% Short-chain n-alkanols 32.6 52.5 44.9 44.8 61.7 47.2 48.1 55.5 40.7 47.5 46.5 58.5
% Long-chain n-alkanols 43.5 25.0 34.7 42.3 25.0 41.5 34.6 34.6 46.3 32.7 39.7 34.2
% Phytol 23.9 22.5 20.4 12.9 13.3 11.3 17.3 9.9 13.0 19.8 13.8 7.3
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Table 2  Concentrations (in 
µg g−1 dry weight) and ratios of 
sterols in sediments from Potter 
Cove, Antarctica

Symbol aΔb,c (a, number of C atoms; b,c, position of unsaturation), where cholest-5,22E-dien-
3β-ol = 27Δ5,22E, 5α-cholesta-22E-en-3β-ol = 27Δ22E, cholest-5en-3β-ol = 27Δ5, 5α-cholestan-3β-ol = 27Δ0, 
24-methylcholest-5,22E-dien-3β-ol = 28Δ5,22E, 24-methyl-5α-cholestan-22E-en-3β-ol = 28Δ22E, 
24-methylcholest-5-en-3β-ol = 28Δ5, 24-methyl-5α-cholestan-3β-ol = 28Δ0, 24-ethylcholest-5,22E-
dien-3β-ol = 29Δ5,22E, 24-ethyl-5α-cholestan-22E-en-3β-ol = 29Δ22E, 24-ethylcholest-5-en-3β-ol = 29Δ5, 
24-ethyl-5α-cholestan-3β-ol = 29Δ0 and 4α,22,23-trimethylcholest-22E-en-3β-ol = 30Δ22E

a Fecal 27Δ = 5β-cholestan-3β-ol + 5β-cholestan-3α-ol

Sample 1 2 3 4 5 6 7 8 9 10 11 12

5β-cholestan-3β-ol 0.04 0.06 0.04 0.03 0.06 0.03 0.03 0.07 0.08 0.04 0.04 0.02
5β-cholestan-3α-ol 0.02 0.03 0.02 0.01 0.02 0.02 0.02 0.02 0.03 0.04 0.02 0.01
27Δ5,22E 1.06 0.29 0.17 0.11 0.12 0.13 0.11 0.15 0.22 0.19 0.12 0.08
27Δ22E 0.10 0.16 0.06 0.06 0.07 0.05 0.06 0.07 0.11 0.10 0.07 0.05
Colest-27Δ5 4.65 1.10 0.62 1.12 0.69 0.60 0.90 0.99 1.14 1.74 1.18 1.67
27Δ0 0.30 0.60 0.23 0.23 0.28 0.22 0.25 0.27 0.37 0.48 0.31 0.24
Brassic-28Δ5,22E 0.88 0.78 0.34 0.32 0.33 0.37 0.29 0.30 0.68 0.58 0.33 0.21
28Δ22E 0.16 0.47 0.17 0.19 0.23 0.19 0.21 0.24 0.36 0.32 0.25 0.15
28Δ5 0.44 0.24 0.20 0.21 0.26 0.27 0.26 0.26 0.26 0.39 0.27 0.20
28Δ0 0.06 0.19 0.08 0.15 0.14 0.10 0.06 0.17 0.16 0.19 0.08 0.12
29Δ5,22E 0.17 0.33 0.15 0.14 0.12 0.15 0.10 0.11 0.23 0.21 0.13 0.10
29Δ22E 0.21 0.14 0.11 0.08 0.09 0.11 0.09 0.19 0.14 0.13 0.11 0.08
29Δ5 1.48 2.49 1.78 0.96 0.97 0.93 0.92 0.71 1.63 1.20 0.82 0.76
29Δ0 0.92 0.36 0.24 0.21 0.24 0.22 0.2 0.19 0.26 0.32 0.20 0.21
30Δ22E 0.15 0.25 0.19 0.14 0.18 0.21 0.18 0.21 0.27 0.22 0.15 0.18
Total sterols 10.64 7.35 4.42 3.96 3.80 3.60 3.68 3.95 5.94 6.17 4.08 4.13
% Fecal 27Δa 0.7 1.6 1.7 1.3 2.9 1.8 1.8 3.2 2.4 1.7 2.0 0.9
% 27Δ 64.2 25.0 22.4 40.5 29.5 26.9 35.9 40.4 30.0 41.7 42.5 53.4
% 28Δ 14.8 18.3 15.9 17.4 21.5 23.6 19.6 19.9 20.7 21.0 19.6 14.0
% 29Δ 18.6 50.6 54.7 36.2 39.6 39.9 36.3 29.1 41.0 30.9 31.0 26.2
% 30Δ 1.7 4.5 5.4 4.6 6.5 7.7 6.4 7.4 5.9 4.8 4.9 5.5

Fig. 2  Spatial distribution of total n-alkanols and sterols in surficial sediments from Potter Cove, Antarctica
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sources. However, samples from northern sites (#7, #8, 
#10 and #11) presented a similar accumulation trend for 
n-alkanols and sterols, suggesting a common origin such as 
marine productivity resulting from upwelling events in this 
region.

The detected n-alkanols concentrations are below those 
observed in other regions of the world, such as subtropi-
cal estuaries (0.2–1.8 µg g−1: Mater et al. 2004) and con-
tinental shelves (0.27–2.02  µg  g−1: Jeng and Huh 2004). 
These areas are characterized by large inputs of terrestrial 
OM, which is absent or limited in Antarctic environments. 
The identified sterols concentrations are in the same mag-
nitude as those found in other locations such as subtropi-
cal estuaries (2.12–45.0 µg g−1: Martins et al. 2014a, b and 
2.16–34.64  µg  g−1:; Abreu-Mota et  al. 2014), continen-
tal shelves (1–9 µg g−1: Méjanelle and Laureillard 2008), 
and even other Antarctic areas (0.21–10.4  µg  g−1: Mar-
tins et al. 2002; 0.2–380 µg g−1; Villinski et al. 2008; and 
0.9–14.0 µg g−1; Wisnieski et al. 2014). The difference in 
abundance of n-alkanols and sterols, and the lack of cor-
relation between them (Table 3), can indicate distinct OM 
sources, increased production from local organisms, or 
even preferential degradation of n-alkanols over sterols due 
to a relatively more refractory nature (Yunker et al. 2005).

Distribution of organic markers based on carbon chain 
length

The short-chain n-alkanols (SCOH) were dominant in the 
majority of studied samples (Fig. 3), especially n-C14-OH 
and n-C16-OH. They may derive from marine plankton and/
or bacteria (Hu et  al. 2009; Holland et  al. 2013), indicat-
ing strong input from an autochthonous source. A lack of 
correlation between SCOH and 28Δ sterols (typical phy-
toplankton markers) (Pearson correlation = 0.026; Table 3) 
suggest that the primary source of SCOH could be micro-
bial biomass. Graeve et al. (2008) also observed important 
bacterial activity in surficial sediments of this region by 
analyzing fatty acids.

Long-chain n-alkanols (LCOH) are usually related 
to subaerial land plants (Volkman 2006; Andersson 

and Meyers 2012). One possible source to these com-
pounds, common in polar environments, is the contribu-
tion of lichens and mosses to marine sediments (Wang 
et  al. 2007; Andersson and Meyers 2012), especially to 
n-C28-OH, which was the most abundant compound on 
site #1, close to the beach. However, the most common 
source of even LCOH are vascular plants (Yunker et  al. 
2005; Burns et  al. 2008 and references therein; Bech-
tel and Schubert 2009; Andersson and Meyers 2012). 
Vascular plant specimens in Antarctica are restricted to 
two native phanerogams, Deschampsia antarctica (E. 
Desv.) and Colobanthus quitensis (Kunth Bartl.) (Kim 
et  al. 2006), for which suitable environments have been 
increasing due to glacier retreats and global warming 
(Pasotti et  al. 2015). This increase could be leading to 
the exponential growth of these phanerogams abundance 
in King George Island, especially the D. antártica (Kim 
et  al. 2007; Park et  al. 2014), and represents a possible 
source to the LCOH. This vegetation growth, especially 
in the Peninsula Barton (north of Potter Cove) (Park et al. 
2014), may also explain the abundance on LCOH on sites 
#9 and #11.

Free phytol in marine sediments is derived mainly 
from the degradation of chlorophyll-a from marine algae 
(Shi et al. 2001), but can also be derived from OM pro-
cessed by bacteria and cyanobacteria (Bechtel and 

Table 3  Pearson correlation 
based on the concentrations of 
short-chain n-alkanols (SCOH), 
long-chain n-alkanols (LCOH), 
phytol, 27Δ sterols, 28Δ sterols, 
29Δ sterols and 30Δ sterols

Correlations above 0.5 are bolded

SCOH LCOH Phytol 27Δ 28Δ 29Δ 30Δ

SCOH X 0.558 0.612 −0.311 0.026 0.092 0.461
LCOH X 0.527 0.056 0.370 0.031 0.450
Phytol X 0.195 0.615 0.620 0.384
27Δ X 0.754 0.158 −0.288
28Δ X 0.622 0.289
29Δ X 0.545
30Δ X

Fig. 3  Distribution of n-alkanols and phytol according to carbonic 
chain length. A phytol; B short-chain n-alkanols; C long-chain 
n-alkanols
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Schubert 2009) and was the most significant constitu-
ent in the alcohol fraction in several studies (e.g., Jeng 
and Huh 2004; Costa et al. 2010). Despite its more labile 
nature compared with n-alkanols, high concentrations of 
phytol may reflect an important contribution of fresh OM 
from marine sources (Costa et al. 2010), corroborated by 
its relatively high correlation with phytosterols (27Δ and 
28Δ; Table 3).

Sedimentary sterols from Potter Cove showed a sig-
nificant structural diversity and a relative distribution that 
reflects the multiple organisms living in the region, under 
different environmental conditions (Fig.  4). As previ-
ously discussed by Dauner et  al. (2015), the percentage 
of compounds ascribed to fecal OM was low, represent-
ing less than 5% of the total sterols. This indicates that 
the environment was not impacted by sewage and marine 
mammal feces and/or the in  situ formation (cholest-5-en-
3β-ol → 5β-cholestan-3β-ol) of these compounds occurred 
under anoxic conditions. The abundance of 27Δ5 accounted 
for the relative high percentage of sterols with 27 carbon 
atoms on sites #1 and #12. Usually the presence of 27Δ 
sterols can be attributed to zooplankton (Volkman 1986; 
Burns et  al. 2008; Bechtel and Schubert 2009) and less 
commonly to mollusks (Jeng and Huh 2004) and Rodo-
phytas (Lopes et  al. 2011). In Antarctic regions, they can 
also be associated with feces from penguins, pinnipeds, 
and odontocetes (Venkatesan and Santiago 1989; Martins 
et al. 2002; Huang et al. 2011). Site #12 is a relatively deep 
region without a significant abundance of mollusks (Momo 
et al. 2008; Sahade et al. 2008), and Potter Cove does not 
have colonies of penguin or pinnipeds. Therefore, the con-
centration of 27Δ sterols in site #12 can be explained by the 
presence of zooplankton and seaweed detritus. Conversely, 
due to site #1 proximity to the beach, these compounds, 
especially 27Δ5 (Jeng and Huh 2004), may be associ-
ated with populations of Laternula elliptica and Nacella 
concinna, which are typical shallow water mollusks in Pot-
ter Cove (Curtosi et al. 2009).

Sterols with 28 and 30 carbon atoms are typically 
related to phytoplankton (diatoms and dinoflagellates, 
respectively) (Volkman 2006). In this study they showed 
an almost homogeneous distribution, with slightly higher 
concentrations in the central part of the cove. Regardless 
of the identification of these phytoplankton biomarkers, 
these organisms cannot be considered the major source of 
organic carbon to sediments as observed by Schloss et al. 
(2002).

Stigmasterol (29Δ5,22E) and sitosterol (29Δ5) are com-
monly associated with higher plants (Volkman 2006; Mar-
tins et al. 2011; Rontani et al. 2014) though they can also 
be related to other non-terrestrial primary producers such 
as diatoms, chrysophytes, and some macroalgae in the 
Chlorophyta genus (Volkman 2003, 2006). Sitosterol can 
also be found in some microalgae species, such as diatoms 
(Volkman 1986, 2003) and in some species of Rhodophyta 
(Patterson 1971; Lopes et al. 2011) and Phaeophyta (Lopes 
et al. 2011). However, the main sterol found in brown sea-
weeds, largely present in Potter Cove, is 24-ethylcholest-
5,24(28)E-dien-3β-ol (29Δ5,24(28)E, fucosterol) (Patterson 
1971; Andrade et  al. 2013). Because fucosterol may coe-
lute with sitosterol in the GC/FID chromatogram (Volk-
man et al. 1987), the relative high abundance of 29Δ sterols 
in the study area may include fucosterol from macroalgae 
detritus, especially from Desmarestia anceps, D. menziesii, 
and Himantothallus grandifolius (Quartino and Zaixso 
2008), which are carried into the inner portion of the cove 
by currents (Klöser et  al. 1994; Tatián et  al. 2008). The 
injection of a selected sample and a calibration curve in 
GC/MS confirmed that fucosterol and sitosterol are coe-
luted in the same peak.

Diagnostic ratios

The Carbon Preference Index (CPI; n-C20-OH–n-C28-OH) 
represents the relative distribution of odd and even car-
bon numbered n-alkanols on a studied site (Andersson and 
Meyers 2012) (Table  4; Fig.  5). CPI values higher than 
4.0, which are typical of profiles related to fresh OM, were 
found in all sampled sites (Andersson and Meyers 2012). 
Low CPI values are attributed to extensive microbial activ-
ity over sedimentary OM (Yunker et al. 2005; Bechtel and 
Schubert 2009; Andersson and Meyers 2012). In this study 
they can be related to macroalgae detritus and degrada-
tion of phytoplankton blooms, especially on sites #2 and 
#12 in which n-C15OH was found as the main compound. 
In order to resolve this ambiguity, a Pearson correlation 
analysis was performed between n-C15OH, brassicasterol 
(a phytoplankton marker) and sitosterol (and fucosterol 
in this study, a macroalgae marker). The higher correla-
tion between n-C15OH and sitosterol (0.465) comparing to 
n-C15OH and brassicasterol (0.324) suggest that bacterial 

Fig. 4  Distribution of sterols according to number of carbon atoms. 
A % fecal 27Δ; B % 27Δ; C % 28Δ; D % 29Δ; E % 30Δ
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activity related to macroalgae detritus may influence sam-
ples with low CPI values.

The Ter/Mar ratio is based on the proportion between 
the so-called terrestrial (n-C26OH, n-C28OH and n-C30OH) 
and marine-derived n-alkanols (n-C14OH, n-C16OH and 
n-C18OH) (Hu et  al. 2009). Almost all studied sites pre-
sented a predominance of marine-derived compounds, 
which can be either from phytoplankton or bacterial origin. 
Only site #9 showed a Ter/Mar ratio higher than 1.0, sug-
gesting a probable input of terrestrial matter that may be 
related to mosses, lichens and phanerogams. This terres-
trial signal in site #9 could be related to the combination 
between circulation and local production. Surface circula-
tion carries water from Maxwell Bay along the north mar-
gin, circumvents Potter Cove and, when the water passes 
the south margin, becomes enriched in organic matter from 
terrestrial origin. As site #9 does not present high amounts 
of alkanols, the marine production in this region is prob-
ably not pronounced. Therefore the combination of low 
marine production and terrestrial organic matter enriched 
water may produce a predominantly terrigenous signal. The 
high amounts of 29Δ sterols and abundance of macroalgae 
detritus in this site may also explain this distinct behavior.

The campesterol (28Δ5): stigmasterol (29Δ5.22E) ratio 
was calculated to determine the most probable source of 
these sterols. Values between 0.6 and 0.7 are indicative 
of terrestrial input, whereas lower values suggest marine 
planktonic input (Carreira et al. 2009; Martins et al. 2012). 
Marine-derived campesterol and stigmasterol were clearly 
detected, which is confirmed by the predominance of 
SCOH.

Finally, to determine the occurrence of diagenetic pro-
cesses, the 5α(H)-stanols/Δ5-stenols ratio was calculated 
for  C27 sterols (27Δ0/27Δ5). Values below 0.5 suggest 
recently deposited OM whereas values above 0.5 may indi-
cate an environment with favorable degradation conditions 
(Jeng and Han 1994; Wisnieski et al. 2014). All analyzed 
samples presented values lower than 0.5, which is typi-
cal of fresh material input. Since phytol could be related 
to both phytoplankton and bacterial origin (Bechtel and 
Schubert 2009), the correlation between these two proxies 
was performed (Fig. 6). Except for site #1, a trend between 
both proxies can be observed, which is corroborated by a 
Pearson correlation of 0.569 (excluding site #1). It suggests 
that, although the organic matter in all samples is relatively 
fresh, samples with higher amounts of phytol have a higher 

Table 4  Diagnostic ratios of 
alkanols and sterols calculated 
in sediment samples from Potter 
Cove, Antarctica

nc not calculated [n-C21OH, n-C23OH, n-C25OH and n-C27OH below the detection limit (0.02 µg g−1)]
a Carbon preference index = (((ΣC20−C26)even + (ΣC22−C28) even)×0.5)/(ΣC21−C27)odd (Andersson and Mey-
ers 2012)
b Ratio between Terrestrial and Marine sources n-alkanols (Hu et al. 2009)

Sample 1 2 3 4 5 6 7 8 9 10 11 12

Alkanols
 CPIa 5.75 3.75 3.75 4.50 5.00 5.00 5.50 2.17 2.38 2.25 2.13 nc
 Ter/Marb 0.67 0.25 0.29 0.38 0.24 0.50 0.40 0.36 1.09 0.50 0.69 0.50

Sterols
 28Δ5:29Δ5.22E 2.59 0.73 1.47 1.50 2.17 1.80 2.60 2.36 1.13 1.86 2.08 2.50
 27Δ0:27Δ5 0.06 0.42 0.37 0.21 0.41 0.37 0.28 0.27 0.32 0.28 0.26 0.14

Fig. 5  CPI and Ter/Mar n-alkanols ratios in sediment samples 
from sites #1 to #11 from Potter Cove. Fresh plant OM = fresh plant 
organic matter

Fig. 6  27Δ0/27Δ5 ratio plotted against % phytol in sediment samples 
from sites #1 to #11 from Potter Cove
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degradation rate. Thus, the probable source of phytol is the 
microbial biomass (bacteria and cyanobacteria), usually 
associated with the highest concentration of algal biomark-
ers (phytoplankton blooms).

Conclusion

Based on the results of the composition and spatial dis-
tribution of polar lipid biomarkers, the organic mat-
ter on Potter Cove surficial sediments is mainly derived 
from two distinct sources: an autochthonous origin 
(n-alkanols: phytoplankton and microbial origin) and an 
allochthonous origin (sterols: seaweed beds). Both lipid 
classes indicate that upwelling events in the inner portion 
of the cove play a significant role fertilizing the surface 
water and promoting blooms.

The predominance of short-chain n-alkanols and phy-
tol confirmed the major contribution of autochthonous 
materials, especially from the microbial biomass to sedi-
mentary OM. Sterols, on the other hand, were associated 
to two different sources: 27Δ sterols, such as cholesterol, 
are probably derived from mollusks near the shoreline 
and zooplankton from sites away from the shoreline, 
whereas 29Δ sterols, mainly sitosterol, are derived from 
macroalgae detritus carried inside the cove by currents. 
Their relative abundance in comparison to other markers 
reveals the importance of this allochthonous input to this 
ecosystem.

The labile nature of n-alkanols in comparison to ster-
ols was helpful to distinguish their two main sources: rel-
atively fresh autochthonous organic matter and enhanced 
bacterial activity, associated with the occurrence of sea-
weeds detritus, as the source of n-alkanols; and relatively 
fresh material, mainly associated with seaweeds debris, 
as the source of macroalgae sterols. Our results allowed 
the identification of the sources and degradation degree 
of the organic matter to this marine environment, shed-
ding some light into the base of the Potter Cove trophic 
benthic chain. It may serve as a basis for assessing future 
changes in the structure of the benthic food web in this 
environment, subject to noticeable glaciers retreat.
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